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PREFACE. ^H 

it? venturing to oiFer to tlie public, and mare ptirtieiilu^ I 

to the female sei, an Introduction to ChemistrVi llie atithor, i 
heraetf a woman, conceives that some explanation may be re- 
quired 1 and she feels it the more necessary to apolomM for ■ 
(lie present undertaking', as ber knowled^ of the siioject is 
but recent, and as she can have no real claims to the title ol' 
chemist 

On attending for the Rrsl time, esperirnenfal lectures, the 
author found it almost impossible to derive Bjiy clear or satis- . 
factory information from tlie rapid demonstrations which are 
usually, and perhaps necessarily crowded into popular coor«cs ; 
of this kind. But frequent opportunities havini; atlerwarda i 
occurred of convcrsiiig' wilh a friend on the subject of chem- I 
iairy, and of repeating a variety of experiments, liie became 
bslier acquainted wilh the principlesnf that science, and be- 
gan to feelhighlylnterestedinits piirauit. It waa then that she 
perceived, in attending the eseelleiit lectures ilelivered at the I 
Koyal Insiitutian, by lh» present ProfeMot of Cliemislry, the | 
^at advantage nli'ich her previous knowledge of the aiib- 
ject, slight as it was, gave her over others whohad not enjoyed 
the same meaiis of private instruclinn- Every fact or experi- 
ment, aitiMCIed ber aiienlinn, and served to explain some lite- 
ory tn which she was not a total stranger ; and site had Ilia 
gratification to lind that the numerous uiid elegant ilhiair.i- 
lions, for which that scha<il ia so much diiilinpuseil, seldom 
failed to produce on her mind the etlcct for whicli ihey were , 
intended. 
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c it ma natural to Infer, that familiar ci 
studies of this kind, a miist useful auxiliary source i.f 
tion: and more especially to the female sex, »hose 
in Is seldom calculated to prepare their minds for ab- 
■tnut ideas, or scientific language. 

As, however,:thpte ^Ce i>uffeiv.'woipai,iT:hO have access to 
this moiteof insO-'ijtabn CJlbd aslhe^,ai^B<lr liasnut aciiiiain'- 
ed wilh any boofc Ittlf co'ulA priAre a subsfitute for it. she 
thought lhatitmigbi:BelisMi|LarDtE^ers, as well as satis- 
factory to hersell^ to tfaCe^lBe^cIe^A^ .which slieUad acnui- 
red lier little stock of chf rmcall^oydetlgpi and to recoril in 
the form of dialngu^, ti4«?{i{iaTi)il^fli:at>e had fiist derived 

But to do this wilh sufficient method, anil to (is upon a mode 
of arrangement, was anobjectof aomedifficultv. Aflermlich 
hesitation, and a degree of embarrassment, which, probably, 
riie most competent chemical writers have often felt in com- 

K"*ith the most superficial, a mode of division was adopt- 
nbich, though the most natural, does not always admit of 
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being strictly pursued — it is tliat of treating first of the sim- 
plest bodies, and then gradually rising to the most intricate 
compounds. 

It is not the author's intention to enter into a minute vindi- 
cation of this plan. But, -whatever may be its advantages or 
inconveniences, the method adopted in this work is sucl), that 
a young pupil, who should occasionally recur to it, with a view 
lo procure information on particular subjects, might often find 
it obscOre or unintelligible ; for its various parts are so con- 
nected with each other as to form an tminterrupted c^^in of 
facts and reasonings, which will, appear sufficiently clear and 
consistent to those only who may have patience to go through 
the whole work,- or have previously devoted some attention 
lo the subject. 

It will, no doubt, be obser^^ed, that in the course of these 
conversations, renaarka are often introduced, which appear 
inuch too acute for the young pupils, by whom, they are suppo- 
sed to be made. Of this fault the author is fully aware. But 
in order to avoid it, it would have been necessary either to 
omit a variety of useful illustrations, or to submit to such mi- 
nute explanations and frequeat repetitions, as would have ren- 
dered the work much less suited to its purpose. 

In writing these pages, the author was more tlwin once 
checked in her progress by the appi'ehension, that such an at- 
tempt might be considerea by some, either as unsuited to tht 
ordinary pursuits of her sex, or ill justified by her own recent 
and imperfect knowledge of the subject. But, on the one 
hand, she feH encouraged by the establishment of those pnV 
lie institutions, open to botli sexes, for the dissemination of 
philosophical knowledge, wliich clearly prove, that the gen- 
eral opinion'vno longer excludes women from an acquaintance 
with tJie elements of science ; and, on the other, she flatter- 
ed herself, that whilst the impressions made upon her mind, 
by the. wonders of Nature 8tu<Jied,in this new point of view, 
were still fresh and strong, she mig])t perhaps succeed the 
better in communicating to others the sentiments she herself 
experienced* \*t^* c" **/• -" "* ^ :'"::j: 

It will be ob^eiJv/5c^ Vji:/;from\vlv^'begHTyf^ngof the work it 
is taken for granted, t^iajl tjie, reader has previously acquired 
some slight knowledge ©ffnatjiiJ^t^hi^dsHphy, a circumstance, 
indeed, wliich appear«ye3*y diii^yl{ilf^. Jhe author's original 
intention was to cornnjence -tiii^ jvoj'kw by. a small tract, ex- 
plaining, on a plan aRalti^«.ito,t?itv%^li»e l^ost essential rudi- 
ments of that science.' ^'Ini ivlea'sHei^ has since abandoned ; 
but the manTiscript was ready, and. might perhaps have been 
printed at some future period, had not an elementary work of 
ft similar description, under tlie title of *• Scientific Dia- 
logues," been lately pointed out to her, which, on a rapid pe- 
rusal, she thought very ingenious, and well osculated lo ai),r- 
»wer its intended object, 
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OW" SIMPLE BODIES. 

ConticriEfation i. 

tke General Principles- of Cbemislry. 

Mr.',, li. 



INGtiow acquired some elementary notions of 
DHAi. Philosophy, I am going to propose to you 
ler branch of science to wliich I am particularly 
>us that you shouid devote a share of your atten- 
Thia is Chemistky, which is so closely con- 
:dwith Natural PliiloKiphy, that the study of the 
nust be incomplete without some knowledge of 
other ; for it is obvious that we can derive but a 
imperfect idea of bodies from the study of the ' 
ral laws by which they arc governed, if we rcmaia J 
,y igiMH'ant of their intimate natuie. I 

troUne. To confess (he truth, Mrs. B. I am not 1 
wed to foi-m a very favourable idea of Chemistry, 
lo I expect to derive much cntert^iment fram 
I prefer those sciences that exhibit nature on a 
d scale, Co those which are confined to the mi- 
jT petty details. Cun the studies which we hava 
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bts:- pursued, the general properties of matter, o# 
the revolutions of the heavenly bodies, be compared to 
Lie rruxin^* ■:? of a few insiijnificant drugs ? 

J'frH. B. I rither imai^ine that vour want of taste 
for cheims^'v proceeds from the very limited idea you 
entertain of lis object. You confine the cheTnist's lab- 
cnrijry \o the narrow precincts of the apothecaiy's 
srop, '.vhilst it is subservient to an immense ^-arieiy of 
rnhcr useful purposes. Besides, my dear, chemistry 
i-i jy no m'cans confined to works of art. Nature also 
hu^ her laboratory, which b the universe, and there 
sl:^- ii incessantly employed in chemical operations. 
\-M lire suiTirised, Ciiroliie ; but I assure vou that the 
ri'.-^t wonderful and the most mte resting phenomena 
of no.:ure are almost all of them produced by chemical 
powers. Without entering therefore into the minute 
details of pracucai chemistrv^. a woman mav obtain 
such a knowledge of the science, as will not only throw 
an interest on the common occurrences of life, but will 
enlai';;e the sphere of her ideas, and render the con- 
tempUuon of Nature a source of delightful instruct- 
ion. 

Carolina. If this is the case, I have certainly been 
much mistaken in the nodon I had formed of chemistiy. 
I own that I thought it was chiefly confined to the 
knowledge and preparation of medicines. 

Mrs. B. That is onlv a branch of chemistry, which 
is called Pharmacy ; and though the study of it is cer- 
tainly of great importance to the world at large, it 
properly belongs to professional men, and is therefore 
tlie last that 1 should advise you to study. 

Emily * But did not the chemists formerly employ 
themselves in search of tlie Philosopher's Stone, or the 
secret of making gold ? 

Mr8. B, These were a particular set of misguided 
philosophers, who di>};nified themselves with the name 
of Alchymisls, to disdnguish their pureuits from those 
of the common chemists, w hose studies were confined 
to the know led t^'e of medicines. 

But, since that period, chemistry has undergone so 
coniplcic a revolution, that, from an obscure and mys- 
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Icriousarti it U now become a regular and beauiiful 
science, to which art is entirely subservient. It is true, 
however, that we are indebted to the alchymista for 
many very useful discoveries, which sprung from their 
fruitless attempts to make gold, and which, undoubtedly 
have proved of infinitely greater advantagfe to mankind 
than all their cliimencal pursuits. 

The modem chemists, far from directing their am- 
Lition to the imitation of one of the least useful produc- 
lious of inftnimate nature, aim at copying almost all licr 
operations, antl sometimes even fovm combinatloos, 
the model of which is not to be found in her own pro- 
ductions. They have little reason to regret their ina- 
biliiy to make gold ( which is often but a false represcii- 
tJiion ofricbeii), whilst by their innumerable inventions 
aiid discoveries, they have so greatly stimulated indus- 
Uy and facilitated labour, as prodigiously to increase 
the luxuries as well as the necessaries of life. 

Emily. But I do not understand by what means 
themislry can facilitate labour ; is not that rather the 
province of the mechanic ? 

Mrs. B, There are many ways by which labour 

•' -.y be rendered more easy, independently of mechim- 

; but even the machine the moat wonderfiil in its 

< .i.cis, the steam engine, cannot be undersiood with- 

«juL the assistance of chemistry. In agriculture, a 

chemical knowledge of the nature of soils, and of veg- 

ctation, is highly useful i and in those arts which re 

Iftte to the comforts and conveniencies of life, it would 

_ t)e endless to enumerate the advantages which result 

" from the study of this science. 

Caro&ne. But, pray, tell us more precisely hi what 
manner the discoveries of chemists have proved so ben- 
eficial to society. 

Mrg. B. That would be on unfair anticipation ; for 
yoii woidd not comprehend the nature of sucli discov* 
icries and useful applications, so well as you will do 
hereafter. Without a due regard to method, we can- 
iioi expect to make any progress in chemistry. I wish 
xo direct your observation cliiefly to the chemical opC' 
fiuions of Nature ; but those of Art are certainly of 
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z^vx impcnunc? is poss^ mnmcgc. We shall there- 
^:ct iiluw rlieci oifia icme wlk «c ccr atteDtion. 

Emiiu. Vv'tfll tnen*. let us ccv sec tt> vork regularly^ 
I d.11 very dc:uau& ia bg\gTn> 

J^a. 3. JTbe object of c&ctztcstrr is to obtain a 
kniTwleu^ cfthe ictssote miture o^ba&s and of their 
ciuriul iCLli:n :n each other. Yoix fiod therefore^ Cai 
roiice*. rhai: ±is» Is cu cottq^v or oaauioed scieDce, which 
comprebeciis e^ery r;:;ng nuscrini wiriuD our sphere. 

Cur'jdmf^ On die coccrarT, k mssc be iocxhausdble; 
and I un ar J. If3i» lo coocecve haw anr praficieiicy can 
bifr miiiie in -x science wbose cbjecs ure so mnneroiis. 

y&9, 3^ It* evenr indmiuul yihwcince vas formed 
of diSerec: maceriaifi^ xhc studr *}£ cbcmistrr would in* 
deed be eq^as : biac ycu txixssl obBcrre* that die vaii* 
ous bodies xa ooture are coKpoaed €t certun elemeiit- 
arr priscipLes* whubch are eboc Ttcr luimemis. 

CzrciJLv. Yes ; 1 kz30w dtat aQ bodks are com- 
poaedof &:e« air« eatrtiu aod watxr ; I learm that laany 
years ago. 

3/r«. B. Bat you must oov csdefleTQiar to forget it 
1 have atreadT icuibrtned you what a great change chem* 
iatnr has undeFgooe sicce k has becooie a regular sci" 
eDce. Within these thirty years espcciiliyy it has ex^ 
perimced an entire reTohztxxt* and it b now proved 
that neither £re, vr. earth% E»r water, can be called ele<<- 
mentanr bodies. For an elementary body is one that 
cannot be decomposed* that is to say. separated into 
other substances ; aixi fire* air« earthy and water, are 
all of them susceptToIe of decomposition. 

Eimbj, I thought that decomposing a body was di* 
Tiding it into its minutest parts. Anid if so, I do not 
und.;r^tand why an elementary substance is not capaMe 
of fx: In ^^ decomposed* as weU as any other. 

Mrt, B. You have misconceived the idea of De^ 
o'/mfuiffiticm ; it is very different from mere dhnaian : 
the latter simply reduces a body into parts* but the for- 
mer separates it into the various ingredients, or mate<r 
rialft, of which it is composed. If we were to take a 
\»af of bread, and separate the several ingredients of 
rSiich it is made, tbe flour, the yeasty the salt, and the- 
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water, it 

JLiidly. I imdci'stiuid yoii now very well. To de- 
compose a body is to separate from each other the va- 
riouB elementary substances of which "' 

Caroline. But flour, water, and the other materials 
of bread, accoi'disg to yoiir definition] are not clemi 
tary substances ? 

ATrs. B. No my dear ; I uientioned bread ratlierj 
a familiar comparison, to illustrate the idea, than 
exuDiple. 

The elementary substances of wliich si body is com. 
pnscd, are called the consiiiiicnt parts of tliat body ; in 
decomposing il, thcrefDre, we separate its constituent 
parts. If, on the contrary, wc divide H body by chop- 
ping It to pieces, or even by grinding or poimding it to 
the finest powder, each of these small particles will 
Btill consist of a portion of the ^veral coijslitucnt parts 
of the whole body : these we call the iiucgmnt parts 
do you understand the difi'erence ? 

Jimly. Yes, I think, perfectly. We dircom/ioae 
body into its comtituait pails ; and divide it into ii 
grant parts, 

Mrs. B. Exactly so. If therefore a body ci 
of only one kind of substance, Ibougli we may divide ij 
into its integrant parts, it is not possible to decompose i^ 
Such bodies are therefore called mmjiie or dcmmtm 
as iliey are the elements of which all other bodies 
composed. Compound bodies are such as consist 
more than one of these elementary principles. 

CuroSne. Uut do not fiie, air, eailh, and water, 
Bsl, each of them, but of one kind of substatice ^ 

•Mis. B. No, my dear; they are every Mie of them 
^sceplible of being scp<«ruied into various simple bo- 
dies. Instead of four, chemists now reckon upwards of 
iijrty elementary substances. These we sliall first ex- 
amine separately, and afterwards consider in their com- 
biiiatioDB with each other. 
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Their names are as SolDow : 



LIGHT, 
CALORIC 9 

OXTGfiXy 

NITROGEir, 

HTO&OGEN, 

SULPHUR) 

PHOSPHORUS, 

CARBONilf 

POTASH, 
SODA, 

f 10 Earths.) 

LIME, 
MAGNESIA, 
STRONTITES, 
BARYEES, 



UL£X» 

ALUMINE, 

TTTRIA, 

GLUCIXA, 

ZI EC ONI A, 

AGUSTINA, 

(^25 Meiala.J 

GOLD, 

FLATINA, 

SILVER, 

MERCURT, 

COPPER, 

IRON, 

TIN, 

LEAD, 



BINe, 
BISMUTH9 

ANTIMONT9 

ARSENIC^ 

COBALT, 

MANGANESE^ 

TUNGSTElf, 

MOLTBDENTJM| 

URANIUM, 

TELLURIUai, 

TITANIUM, 

CHROMB, 

OSMIUM, 

IRIDIUM, 

PALLADIUM, 

RHODIUM. 



NICKEL, 

CaroBne. This is, indeed, a formidable list ! 

Mrs. B. Not so mXich as you imagine ; many of 
the names you are ah^ady acqusdnted ^th, and the 
others will soon become familiar to you. But, .before 
•we proceed &rther, it will be necessary to give you 
some idea of chemical attraction, a power on wluch 
the whole science depends. 

Oiemical jittraction,^ or the jittracUon of ComfioMon, 
consists in the peculiar tendency which bodies of a dif-. 
ferent nature have to unite with each other. It is by 
this force that all the composidons, and decompo^utions, 
are effected. 

Emily. What is the difference between chemical at- 
traction, and the attraction oi cohesion, or of aggrega- 
tion, which you often mentioned to us in former conver-^ 
sations ? 

Mrs. B. The attraction of cohesion exists only be- 
tween particles of the same nature, whether simple or 
compound ; thus it unites the particles of a piece of 
metal which is a simple substance, and likewise the 
particles of a loaf of bread which is a compound. The 
attraction of composition, on the contrary, unites and 
maintains in a state of combination particles of a dis* 
vmlar nature ; it is this power tliat forms each of the 
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compouniil particle! of vhich bread consists; anti il h 
b}' tlie atlractian of cohesion tbai all these particles aiti 
connected into a sin^e mass. 

Emiltf. The attraction of cohesion, then, is the pow- 
er which unites tlie integraiit particles of a body ; the 
attraction of composition that which combines the eon- 
atituent panicles. Is il not w ? 

Mrs. B, Precisely : and observe thai ihe attraction 
of cohesion unites particles of a similar nature, with- 
out changing tlieii' origiiial propci-lies ; the result of 
such an union, therefore, is a hudy of the )iamc kind 
Hs the particles of which it is formed ; whilst the at- 
ti'action of compo«tion, by combining particles of a 
dissimilar na.ture, piwluces new bwlica, quite different 
&om any of iheir constituent particles. \i, (orinstance, 
1 pour on the piece of capper, contained in this glass, 
gome of this liquid (which is called nitric acid) for 
which it has a strong attraction, every particle of the 
copper will combine with a particle of ncid, and to- 
getlier they will form a new body, totally different from 
either the copper or the acid. 

Do you observe the internal commotion that already 
begins lo take place ? It is produced by the combina- 
tion of these two substances ; and yet tlie acid has in 
this case to overcome, not only the resistance which 
the strong cohesion of the particles of copper oppose 
IQ its combination with them, but also the weight of ilie 
rj3ppcr which makes it sink lo the bottom of the glass, 
and prevents the acid from having such free access to 
it as it would if the mcial were suspended in the liquid. 

EmUy. The acid seems, however, (o overcome 
both ihcBe obstacles without difiiculty, and appears to 
be verj^rapidly dissolving the copper. 

Mra. B. By this means It redures the copper into 
more minute parts, than could possibly be done by any 
mechanical power. But as the acid can act only on the 
surlace of the metal, it will bo some time before the 
union of thebe two bodies will be corapleated. 

You may, however, already see how totally different 

this compound is fi-om either of its ingredienca. It ia 

r colourless iike Uie acid, nor hattij ^csw^. 
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ycIIoTv, like the copper. If you tasted it, you would no 
longer perceive the sourness of the acid. It has at 
present the appearance of a blue liquid ; but when the 
union is completed, and the water with which the acid 
is diluted is evapomted, it will assume the form of reg- 
ular chrystals, of a fine blue colour, and perfectly trans- 
parent. . Of these I can shew you a specimen, as I have 
prepared some for that purpose. 

Caroline, How very beautiful they arc, in colour, 
foi*m and transparency ? 

Einily, Nothmg can be more striking than this ex- 
ample of chemical attraction. 

Mrfi, B, The term attraction has been lately intro- 
duced into chemistry as a substitute for the word affiii" 
itlh to which some chemists have objected, because it 
originated in the vague notion that chemical combina- 
tions depend upon a certain resemblance, or relation- 
ship, between paiticles that are disposed to unite ; and 
this idea is not only imperfect, but erroneous, as it is 
generally particles of the most dissimilar nature, that 
have the greatest tendency to combine. 

Caroline. Besides, there seems to be no advantage 
in using a variety of terms to express the same mean- 
ing ; on the contrary it creates confusion : and as we 
are well acquainted with the term attraction in natu- 
ral philosophy, we had better adopt it in chemistry 
likewise. 

Mr^, B, If you have a clear idea of the meaning, 
I shall leave you at liberty to express it in the terms you 
prefer. For myself, I confess that I think the word 
attraction best suited to the general law that unites the 
integrant particles of bodies ; and affinity better adapt- 
ed to that which combines the constituent partiAes, as 
it may convey an idea of the preference which some 
bodies have for others, which tlie term attraction ofconi'^ 
fiosition docs not so well express. 

Evnhj. So I think ; for though that preference may 
not result from any relationship or similitude, betweer^ 
the particles (as you say was once supposed), yet, as 
it really exists, it ought to be expressed. 

Mrs, B, Well, let it be agreed tliat you may use 
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tlie terms affinity, clicndcal allradion, uid atlroflion 
tom/iositim, indifierenlly, provided you recollect thai 
they liave all the some meaning. 

£ndty. I do not conceive how bodies can he decom- 
posed by chemical attraction. That this power should 
be the means of composing them, is very obvious ; but 
how it can at the same time produce exactly the conf 
trary effect, appears to me vci-y singular. 

Mr*. S. To decompose a body, is, you know to 
separate its constituent parts, vrhicb, as we have just 
obsei-ved, can never be done by mechanical means. 

Emily. No ; because mechanical means separate 
only the integrant particles i they act merely against 
the uttracuon of cohe^on. 

Mra. B. The decomposition of a body, therefbrej 
can only be performed by chemical powers. If you 
present to a body composed only of two principles, a 
thii*d, which has a greater afhnity for one of them than 
the two first have for each other, it will be decomposed, 
that ia, its two piinciplcs will be separated by means 
of the ihiid body. Let us call two ingredients, of 
which a body is composed, A and B. If we present 
toit anotheringredient C, which has a greater affinity 
lor B, than that which unites A and B, it necessarily 
follows that B will quit A to comlane with C. The new 
ingredient, therefore, has effected a decomposition of 
the original body A B ; A, has been left alone, and a 
new compound, EC, has been formed. 

Emily. We might, I think, use the comparison of 
two friends, who were very happy in eacli other's soci- 
ety, till a lliird disunited them by the preference which 
one of them gave to the new-comer. 

Mrt. B. Very well, 1 shall now show you how this 
takes place in chemistry. 

Let us suppose tliat we wish to decompose the com- 
pound we have just formed by the combination of the 
two ingredients, copper and nitric acid : we may do 
tJiis by presenting to it a piece of ii'on, for which the 
add has a stronger attraction than for copper ; tlie acid 
will consequently quit the copper to comWne with the 
^^JlDD) and the copper will be what tlie chemists call 
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firecijiitated^ that is to say, it will return to its separate 
state, and reappear in its simple form. 

In order to produce this effect, I shall dip the blade 
of this knife into the fluid, and, when I take it out, you 
will observe that instead of being wetted with ablueish 
liquid like that contained in the glass, it mil be covered 
with a very thin pellicle of copper. 

Caroline. So it is, really ! But then is it not the cop* 
per instead of the acid, that has combined with the iroq 
blade! 

Mrs, B. No ; you are deceived by appearances : 
it is the acid which combines with the iron, and in so 
doing deposites the copper on the surface of the blade, 

EmUy, But cannot three or more substances com* 
bine together, without any of them being precipitated ? 

Mrs* B. That is sometimes the case ; but in gene* 
ral, the stronger affinity destroys the weaker ; and it 
seldom ITappens that the attraction of several substances 
for each other is so equally balanced as to produce such 
complicated compounds. 

It is now time to conclude our conversation for this 
morning. But before we part, I must recommend you 
to fix in your memory the names of the simple bod[ieS| 
ggainst our next interviqw. 



ContjeriBfation il. 

On Light and Heat. 



Caroline, 



Wii have learned by heart the names of all the sim- 
ple bodies, which you have enumerated, and we are 
now ready to enter on the examination of each of them 
successively. You will begin I suppose with light ? 

Mrs, B, That will not detain us long : the nature ^f 
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light, independent of lical, is so imperfectly tuioivni 
thai we have linle more than conjectures respecting it. 

£7iiiiif. But is il possible to separate light from heat- 
I ilioiighi that they were only different degrees of 
same thing ? 

Mrs. B. Tlieyare certiiinly very intimately conn* 
cd ; yet it appears they are distinct sub&tancesi as 
caii> under certain circumstances, be in a great 
sure separated ; the most striking instance of this 
pcdntcdout by Dr. Hersciiel. 

This philosopher discovered that heat was less 
fi-angible than light ; for in separating the (Mffei 
colBured rays of light by a prism (asw 
ago), he found tliat the greatest heat was beyond 
spectrum, at a little distance from the red rays, ' 
you may recollect are the least refrangibie. 

jF.vulif. I should like to try tliat experiment. 

Mrs. B It is by no means an easy one : the hi 
a ray of light, refracted by a prism, is so small tJu 
requires a very delicate thermometer to disliiiguisli 
difference of the degree of heat within and n-ithout tlii 
spectrum. For in tliis experiment the beat i: 
tally separated from the light, each ctiloiired ray re. 
tuning a certain portion of it, though the greatest 
partis BOl sufficiently refracted to fall within the spec- 
trum. 

Endlij. I suppose, then, that those coloured 
which are the least refrangible, retain the greal 
quantity of heat ? 

Mm. B. They de so, 

CaraSne. Perliaps the different degrees of heat which 
the seven rays possess, may in some unknown manner 
occasion their variety of colour. 1 have heard that 
melted metals change colour according tu the different 
degrees of heat to which they are exposed ; might not 
tlic colours of the spectrum be pj'oduced by 
llie same kind i Do let us try if we cannot ascer 
tliis, Mi's. B ? 1 should like extremely to make 
x^ery in chemistry. 

". Had we not better learn first what 
! Surely you cannot seriously imagine 
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fore Tou haye acquired a single clear idea on chemistry, 
you can have any chance of ^scoTering secrets that 
have eluded the penetration <^ those who have spent 
their whole lives in the study of that science. 

Caro&ne. Not much, to he sure, in the regular 
course of events ; but a lucky chance sometimes hap- 
pens. Did not a child lead the way to the discovery ci 
telescopes ? 

Mrs, B, There are certainly a few instances of this 
kind. But believe me, it is infinitely wiser to follow 
up a purswt regularly, than to trust to chance for your 
success. 

Emily. But to return to our subject. Though I no 
longer doubt that light and heat can be separated. Dr. 
Herschel's experiment does not appear to me to affi>rd 
sufficient proof that they are essentially di£Rsrent ; for 
light, which you call a ^mple body, may likewise be 
divided into the various coloured rays ; is it not there- 
fore possible that heat may only be a modification of 
light ? 

Mrs, B, That is a supposition which, in the pre- 
sent state of natural philosophy, can neither be posi- 
tively affirmed nor denied : it is generally thought that 
light and heat ai'e connected with each other as cause 
and effect, but which is the cause, and which the effect, 
it is extremely difficult to determine. But it would be 
useless to detain you any longer on this intricate sub- 
ject. Let us now pass on to that of heat, with which 
we are much better acquainted. 

Caroline. Heat is not, I believe, nimongst the nmn- 
ber of the simple bodies ? 

Mrs. B. Yes, it is ; but irnder another name— that 
of CALORIC, which is nothing more than the principle, 
or matter of heat.— We suppose caloric to be a very 
subtile fluid, originally derived from the sun, and com- 
posed of very minute particles, constantly in agitation^ 
and moving in a manner similar to light, as long as they 
meet with no obstacle. But when these rays come in 
contact with the earth, and the various bodies belong- 
ing to it, part of them are reflected from their sur&ces 
according to certain laws, and part enters into them. 
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Caroline. These rays of heat, or caloi'ic, proceed 
Liig from the same source, and following ibe san 
rection, as the rays of light, bear a very strong r 
blance lo them, 

Mrs. B. So much ao that it often requires great a 
tention not to coiifoiind liieni. 

£mily. I think there is no clangerof that, if w 
collect one great distinction — light is visible, and calM 
ic is not. 

Mn. B. Very right. Light affects the sense 1 
Sigh( ; Caloric that at Feeling : the one produces VigiaA 
Jie other the peculiar sciisauon of Heai. 

Caloric is found to exist in a variety of forms, ; 
LO be flusceptible of certain modifications, al! of whiiq 
may be comprehended under the four following heada 



3. LATENT HEAT. 

4, CHEMICAL HEAT. 

The first, or free calobic, is also called beat 
rEMFEBATDHK ; It Comprehends alt heat w)iich is 
;epdble to the setiscs, and affects the thermometer, 

£mily. You mean such as the heat of the sun, 
Sre, of candles, of stoves ; in short of every thing 

Mrs, B. And likewbe of tilings that do not burn, 
IS for instance, the warmth of the body ; in a word, all 
tieat that is senMlr, whatever tnay be its degree, or the 
tource from which it is derived. 

Caroline. What then are the other modifications of 
:a1oric ? It must be a strange kind of heat that cannot 
t>e perceived by our senses ? 

Mrs. B. None of the modifications of caloric shou] 
properly be called krai ; for heat, strictly speaking, 
ihe sensation, produced by caloric, on animated' 
and this word therefore should be confined to espi'C! 
the sensation. But custom has adapted it likewise 
inanimate matter, and we say ihe hrai of a 
heal qf l/if mm, without any reference to the sensation 
which they are capable of cxciting- 
C 
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tt waa 10 orfler to avoid the confiision which afOM 
Trom thus confounditig the cause and efTect, that taod- 
ern chemists adopted the new word Calorie, to «tpre» 
tbc principle which praduces heat ; but they do not 
yet limit the word beai (as ihey should do) to the m- 
pression of the sensation, since they still retain the hub- 
H of connecting this word with ihc three olhcr modifi- 
cations of caloiic. 

CaroltTie. But you have not yet explained to ua what 
these oilier modifications of caloric arc. 

Mrs.O, Because yoQ ai'c not yet acquainied'with 
the properties of free caloiic, and you know we haye 
agreed to proceed with regularity. 

One of the most remarkable properties of free calot- 
!ic is its power of dilating bodies. This fluid is so eit- 
tremely subtile, that it enters and pervades all boiHn 
whatever, forces itself between their particles, and not 
only separates them, bu(, by its repulsive power, drivn 
ihem asunder, frequently to a considerable distance 
each other. It is thus that caloric dilates ores- 
I a body so as to make it occupy a greater aptce 
it did before. 

Emity. • The effect of caloric on bodies therefore, is 
directly contrary to that of the attraction of cohesion; 
the one draws the particles together, the other drives 
them asunder. 

Mrs. B, Precisely. There is a kind of continiMl 
warfare between the attraction of aggregation and the 
repulsive power ol caloric ; and from the acticm of 
these two opposite forces, result all the various forms 
of matter, or degrees of consistence, from the solid) 
to the liqtiid and aeriform state. And accordingly, we 
find that most bodies are capable of passing from one 
of these forms to the other, merely in consequence of 
their receiving different quantities of caloric. 

CaroHiic. This is very curious ; but I think I under-. 
stand the reason of it. If a great qtiandty of caloric is 
added to a solid body, it introduces itself between the 
particles in such a manner as to overcome in a consid- 
erable degree, the attraction of cohesion ; and the body 
from a solid, is then converted into a fluid. 
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Mri. B. Thisis the case whenever a body is i 
ed ; but if you add caloric to a liquid, tan you tell n 
what is the consequence ? 

Caroline. The cabric forces itself in greater abUD^ 
dance between the particles of the fluid, and drives 
them to such a distance fi'oni each other, that their 
attnicdon of aggregation is wholly destroyed ; the lip ^ 
quid blhen transformed into vapour. 

Mr>. B. Very well ; and this is precisely the i 
with boiling water, when it if 
rapour. 

But each of these various states, solid, liquid, and 
aerifomi, admit of many diSerent degrees of density, 
or consistence, still arising (partly at least) from tlio 
diSerent quantities of caloric the bodies contain. Solids 
are of various degrees of density, from that of gold, 
to that of a thin jelly. Liquids, from the consistence 
of melted glue, or melted metals, to that of ether, 
«vhich is the lightest of all liquids. The diPTercnt clas- 
tic fluids ( with which you are not acquainted) admit of 
no less variety in their degrees of density. 

Emily. But does not every individual body also ad- 
mit of diiferent degrees of consistence, widiout changk' j 
ing its state ? 

Mrs. B. Undoubtedly ; and this I c 
show you by a very simple experiment. This pieci 
of iron now exactly fits the franie or ring, made t< 
ceive it, but If heated red hot, it will no longer do b 
for its dimensions will be so much increased by tW( 
caloric that has penetrated into it, that it will he muCl 
too large for the frame. 

The iron isnow red hot ; by applying it to the frame^H 
ive shall see how much it is dilated. 

Endl]}. Considerably so indeed ! I knew that heal 
had this effect on bodies, but I did not Imagine thai it 
could be made so conspicuous, 

Mrs. B. By means of this instrument (called a Py. 
roraeter) we may estimate, iuthe most exact manner, 
the various dilatations of any solid body by heat. The 
^ " 2 now going to submit to trial is thb smali^ 
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iron bar ; 1 fix it to this apparatus, (Plate l.I'ig, I.j 
and then heat it by lighting the three lamps beneath it; 
when the bur dilates, it increases in length as "weH as 
thickness ; and, as one end communicates with this 
wheel-work, whilst the other end is fixed and immove- 
able, no sooner docs it begin to dilate than it presses 
against the wheel-work, and sets in motion the index, 
which points out the degrees of dilation on the dial* 
plate. 

Jimily. This is uideed a very curious instrument; 
but 1 do not understand tlie use of the wheels : would 
it not be more simple, and answer the purpose equally 
well, if the bar pressed against the index, and put it in 
motion without the intervention of the wheels \ 

Mrs. B. The use of the wheels is merely to muK 
tiply the motion, and therefore render the effect of the 
caloric moi*e obvious : for if the index moved no more 
than the bar increased in length, its motion would 
scarcely be perceptible : but by means of the wheels it 
moves in a much greater proportion, which therefore 
i^enders the variations much more conspicuous. 

By submitting different bodies to the test of the py- 
rometer, it is found that they are far from dilating id 
the same proportion. Different metals expand in dif« 
fcrcnt degrees, and other kinds of solid bodies vary still 
more in this respect. But this different susceptibility 
of dilatation is still more remarkable in fluids than in 
solid bodies, as I shall show you. I have here two glass 
tubes, terminated at one end by large bulbs. Wc 
shall fill the bulbs, the one with spirit of wine, the oth* 
er with water. I have coloured both liquids, that the 
effect may be more conspicuous. The spirit of wine, 
you SCO, dilates merely by tlie warmth of my hand a» 
as I hold the bulb. 

Ilmiiy, It certainly dilates, for I see it is rising into 

Plate I. 

Fig. I. A A. Bar of metal. 193. Lamps burnia;. B B. 
Wheel work. C. Index. 

Fi(r. a. A A. Glass tubes with bulbs. B B. Glasses of w»- 
ter in which they are immerfed* 
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the tube. But water, it seems, is not so easily affect- 
ed by heat ; for no apparent change is produced on it 
by the warmth of the hand. 

Mrs, B, True ; we shall now plunge the bulbs into 
hot water, CFate 1. Fig, ^,) and you will see both li- 
quids rise in^he tubes ; but the spirit of wine will be- 
gin to ascend first. 

Caroline, How rapidly il dilates ! Now it has nearly 
reached the top of the tube, though the water has not 
yet began to rise. 

Endly, The water now begins to dilate. Are not 
these glass tubes, with liquids rising within them, very 
like thermometers ? 

Mrs, B, A Thermometer is constructed exactly 
on the same principle, and these tubes require only a 
scale to answer the purpose of thermometers : but they 
would be rather awkward in their dimensions. The 
tubes and bulbs of thermometers, though of various 
sizes, are in general much smaller than these ; the 
tube too is hermetically closed, and the air excluded 
from it. ^he fluid most generally used in thermome- 
ters is mercury, commonly called quicksilver, the di- 
latations and contractions of which correspond more 
exactly to the additions, and subtractions, of caloric, 
than those of any other fluid. 

Caroline, Yet I have often seen coloured spirits of 
wine, used in thermometers, 

^Mrs, B, The dilatations and contractions of that 
liquid are not quite so uniform as those of mercury ; 
but in cases in which it is not requisite to ascertain the 
temperature with great precision, spirit of wine will 
answer the purpose equally well, and indeed in some 
respects better, as the expansion of the latter is great- 
er and therefore more conspicuous. This fluid is used 
likewise in situations and experiments in which mercu- 
ry would be frozen *; for mercury becomes a solid body, 
like a piece of lead or any other metal, at a certain de- 
gree of cold : but no degree of cold has ever been 
known to freeze spirits of wine. 

A thermometer therefore consists of a tube with a 

C 2 
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bulb, such as you see here, containing a fluid whose 
degrees of dilatation and contraction are indicated by a 
scale to which the tube is fixed. The degree which 
indicates the boiling point, simply means that, when 
the fluid is sufficiently dilated to rise to this point, the 
heat is such, that water exposed to the sa^jie tempera^ 
ture will boil. When, on the other hand, the fluid is 
so much condensed as to sink to the freezing point, we 
know that water will freeze at that temperature, The 
extreme points of the scales are not the same in all 
thermometers, nor are the degrees always divided in 
the same manner. In different countries philosopher^ 
have chosen to adopt different scales and divisions. 
The two thermometers most used are those of Fahren- 
heit, and of Reaumur ; the ^t is generally prefen-ed 
by the English, the latter by the French. 

Emily, The variety of scale must be veiy incoH' 
venient, and I should think liable to occasion confusion, 
when French and English experiments are compared. 

Mrs. B, This inconvetiience is but very trifling, be- 
cause the different graduations of the scales do not af» 
feet the principle upon which theraiometers are con- 
structed. When we know, for instance, that Fahren- 
heit's scale is divided into 212 degrees, in which 32q 
corresponds with the freezing point, and 2 12© with the 
jpoint of boiling water ; and that Reaumur's is divided 
«nly into 80 degrees, in which Op denotes the freezing 
Xxxnt, and 80© that of boiling water, it is easy to com- 
pare the two scales together, and reduce tlie <Mie into 
the other. But, for greater convenience, themiome' 
tcrs are sometimes constructed with both these scales, 
one on either side of the tube ; so that the correspon* 
dence of the different degrees of the two scales, is 
thus instantly seen. Here is one of these scales (Plate 
II. Fig. 3.J by which you can at once perceive that 
each degree of Reaumur's corresponds to 2J of Fah- 
renheit's division. 

Emily. Are spirits of wine, and mercury, the only 
fluids used in the construction of tnermometers. 

Mrs. B. I believe they are the only liquids now in 
use, though some others, such as linseed oil, would 
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make tolerable ihermoineterB ; but foi' experiiT 
which a very quick and delknte teat of the c)iangcsol. 
lempei-ature is ^cquil■ed^ air tliermomcters are some- 
times employed. The bulb, in these, instead uf con- 
tiiining a liquid, is filled only with common airj and its 
diiataiions and contrnctions are made sensible by a small 
drop of any coloured fluid, which is suspeiidcd within 
the tube, and moves up and down) according as the ur 
within the bulb and lube expands or contracts. But air 
Ihermoineters, however sensible to changes of tempe- 
rature, are by no means accurate in their indications. 

Emily. A thermometer, then, indicates the exact 
quantity of caloric contained either in the atmosphere, 
or in any body with which it is in contact ? 

Mra. B, No : first, because there are other modifi- 
cations of caloric wliichdo not affect the thermometer ; 
and; secondly, because the temperature of a body, as 
indicated by the lliermometcr, is only relative. When 
for instance, tiie thermometer remains stationai-j- at 
the freezing point, we know that the atmosphere (or 
medium in which it is placed, whatever it may be) is 
as cold as freezing water : and when it stand* at the 
boiling point, we know that this medium is as hot as 
boiling water ; but we do not know the positive quanti- 
ty of heat contained either in freeang or boiling water, 
any more than we know the real extremes of heat and 
cold; and consequently, we cannot determine that of 
tlie body in which the lliermometcr is placed. 

Caroline. I do not quite undci-stand this cxpluna- 
tioi>. 

Jl/rs. B. Let us compare a thermometer to a well, 
inwliich the water rises to different heights, according 
as it is more or less suppUed by ihe spring which feeds 
it : if the depth of this well be im fathom able, it must 
be impossible to know the absolute quantity oi water it 
contuns ; yet we can with the greatest accuracy mea- 
Bure the number of feet the water has risen or fallen in 
the well at any time, and consequcndy know the pie- 
cise quantity of its increase or diminution, without hav- 
ing the least knowledge of the whole qtiantity of watct 
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CoroHne. Now I comprehend it veiyweU: nothing, 
explains a thing so cleariy as a compariaoD. 

Endbf. But wUl thennometers bear any degree of 
heat ? 

Mr9.B, No; for if the temperature be much abofe 
the highest degree marked on the scale of the Aer» 
mometery the mercury would burst the tube in an at* 
tempt to ascend. Ana at any rate, no thermometer 
can be applied to temperatures higher than the bdling 
point of the liquid used in its construction. In furnaces, 
or whenever any very high temperature is to be measorw 
ed, a pyrometer, invented bv Wedgewood, is used for 
that purpose. It b made of a certain composition of 
baked clay, which lias the peculiar property of coo* 
tracting by heat, so that the degree of contracdon (^ 
this substance indicates the temperature to which it ha» 
been exposed* 

Endly, But is it possible for a body to contract by 
heat ? I thought that heat dilated all bodies whatever. 

Mr8,B, That Is, I believe, true. Yet heat fre- 
quently diminishes the bulk of a body by evaporating 
some of its particles ; thus, if you dry a wet sponge 
before the fire, tlie heat, though it must, accordmg to 
the general law (^ nature, dilate the particles of thtf 
Sponge, will very considerably contract its bulk by 
evaporating its moisture. 

Caroline, And how do you ascertsdn the degrees of 
contraction by this pyrometer ? 

Mrs, B, The dimensions of a piece of clay are 
measured by the bore of a graduated conical tub^ in 
which it is placed ; the more it is contracted by the 
heat, the lower it descends into the narrow part of the 
tube. 

Let us now proceed to examine the other properties 
of free caloric. 

Free caloric always tends to an equilibrium ; that 
Is to say, when two bodies are of different tempera- 
tures, the warmer gradually parts with its heat to the 
colder, till they are both brought to the same tempera- 
ture. 
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Eaiily. Is cold then nothing bill a negative 
dmply implying the absence of heat ? 

Mr». B. Not the total absence, but a dimi 
of heat i for we know of no body in which some 
ic may not be discovered. 

Caroline. But when I lay my liand on this n 
table. I feel it fiaativtly cold, and caiinol conceivi 
there is any caloric in it. 

Atra. B. The cold you experience consists in tlie 
loss of caloiic that your hand sustains in an attempt to 
bring its temperature to an equilibrium with the mar- 
ble. If you lay a piece of ice upon it, you will find 
that the conti-ury effect will take place ; the ice will 
be melted by the heat which it abstracts from the man 
ble. 

CaroHne. Is it not in this case the air of the 
which being warmer than the marble, melts the 

i^Trx. B, The air certainly acts on the surface ex- 
posed to it, but the table melts that part which is in 
contact witi) it. 

Caroline. But why does caloric lend to an equilibri- 
um ? It cannot be on the same principle as other fluids, 
^ce it has no weight \ 

Mrs. B, V^ery true, Caroline, that is an excellent 
remark. The tendency of caloric to an equilibrium is 
best explained by a supposed repulsive force of its pai- 
ticles, which having a constant tendency to fly from 
each other, diffuse themselves wherever there is a de- 
ficiency of that fluid, and thus gradually restore an 
equilibrium of temperature. But it is not only bodies 
wiiich contain a greater pixjportion of caloric that jwrt 
with it to those that contain less : in order to enplaiii 
ail the phenomena of heat and cold, we must suppose 
that a mutual exchange of caloric takes place between 
all bodies, of whatever temperature, and that tlie rays 
of caloric, in passing from one body toanolfjer, ai'e sub< 
ject to all the laws of reflection and refraction, the same 
as those of light. This theory was first suggested by 
Professor Prevost, of Geneva, and is now, I believe, 
nrelty generally adopted. Thus you may suppose 
bodies whatevei' constantly radiating caloiic : those " 
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tiie of the same temperature give out and receive equa! 
quantities, so that no change of temperature is produ* 
ced in them ; but when one body contains more free ca< 
loric than another, the exchange is always in favour of 
the colder body, until an equilibrium is effected ; this 
you found to be the case when the marble table cooled 
your hand, and again when it melted the ice. 

Caroline, This surprises me extremely : I thought} 
from what you first said, that the hotter bodies alone 
emitted rays of caloric which were absorbed by the 
colder, for it seenis unfair that a hot body should receive 
any caloric from a cold one, even though it should re» 
Jura a greater quantity, 

Mrs, B, It may at first appear so, but it is no more 
extraordinary than that a candle should send forth rays 
of light to the sun^ or that a stone in falling . should at« 
tract the earth, as you know it does from the law of 
gravitation. ^ 

Caroline, Well, Mrs. B. since you have all nature 
to oppose to mp) I believe that I must give up the 
point. But I wish I could see these rays of caloric, I 
should then have greater faith in them. 

Mrs, B, Will you give no credit to any sense but 
that of sight ? Ypu may feel the rays of caloric which 
you receive from any body of a temperature higher 
than your own ; the loss of the caloric you part with 
in return, it is true is not perceptible ; for as you gain 
more than you lose, instead of suffering a diminudoD, 
you are really making an acquisition of caloric. It is 
therefore only when you are parting with it to a body 
of a lower temperature, that you are sensible of the 
sensation of cold, because you then sustain an absolute 
loss of caloric. 

Emily, And in tms case we cannot be sensible of 
the small quantity of heat we receive in exchange from 
the colder body, because it serves only to diminish the 
loss. 

Mrs. B,^ Very well, indeed, Emily. Professor Pic» 
tet, of Geneva, has made some very interesting exper- 
iments to prove that caloric radiates from all bodies 
whatever, and that these rays may be reflected, ac» 
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Ibthe laws of optics, in tlic ; 
■wish I could repeat these experiments before 
It tiie (lifliciilty of procuring mirrors fit for the 
e puts it out of my power ; you must therefore 
ified with an account of thein, illusti'ated by this 
n : (Plate III. Fig. *.J— He placed anii-on bal- 
Mt two inches in diameter, and healed to a de- 
it sufiicieni to render it luminous, in the focus of 
metallic mirror. The rays of heal which fell 
mirror were reflected, agreeably to ihe property 
:ave mirrors, in a parrallel direction, so as to fall 
Tiilar mirror, which was placed opposite the first, 
listance of about twelve feet ; thence they cod- 
lo the focus of the secoitd mirror, in which the 

a tliermometer was placed, the consequence of 
was, that tlie thermometer immediately rose sev- 

'y. But would not the same effect- have taken 
if tJie rays of caloric from the healed bullet had 
lirectly on the thermometer, without the assist- 
F the mirrors ? 

. B. The effect would in that case have been 
ing, at the distnncc at wliich the bullet and the 
imcter were from eacli other, as would prabablr 
endered it iinpereeptible. The mirrors, you 
greatly increase the effect, by collecting a large, 
y of rays into a focus ; but their principal use 
prove that the calorific emanation was reflected 
lame manner as light. 
iSjw, And the result I think was very conclu- 

[ 

c8. The esperiment was afterwards repeated 
. taper instead of the bullet, with a view of 

Plate III. 

B B. Concave mirror! filed on itand*. C. heated 
I in the focus of the mirror A, D. The thermomc- 
B bulb placed in the focus of the mirror B. 1134. 
Jtbricradiatiog from Ehe bullet and f3,IUng on eHe mir' 
I A ; S. The tame rayi reflected from the mirror A to 
II. llie lame rap reflected by the minor B 
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EcparaUHg the light from ihe caloric For this parpw 
a transparent plate of glass was interposed betweentht 
miiTors ; for light you know passes vith great kd&j 
through glass, wbiiat the transmission of caloric i& cut- 
siderably impeded by it. It was found hotrtvRi 
ill this expci'iment, that some of the calori&c rays post- 
ed through the glass together with the light, as tiN 
thermometer rose a few degrees ; but as soon as Efic 
plass was removed, and a free passage left lo the caloc 
ir, it rose immedialely double the number of degreei. 

Enaly. This experiment as well as that of Dr. 
Herschell's proves that light and heat may be separa- 
icd ; for in the latter experiment the separation vu 
not perfect) any more than in that of Mr. Pictet. 

Caroline. 1 should like to repeat Mr. Pictet'a exper 
iments, with the difference of substituting a cold bo^ 
instead of the hot one, to see whether cold would int 
be reflected as well as heat. 

Mrs. B, That experiment was proposed to Mr. 
Pictet by an incredulous philosopher like yourself, and 
he immediately tried it by substituting a piece of ice Sn 
the place of the heated bullet. 

Caroline. Well, Mrs. B. andwhutwas the resullJ 

Mra. B. The thermometer fell considerably. 

Caroline. And docs that not prove that cold is not 
merely a negadtie quality, implying simply an infemr 
degree of heat ? The cold must be fioaitiiie, since it ^ 
capable of reflection. 

Mr». B. So it at first appeared ; but upon a litllB 
con^deration it was found that it afforded only an addi- 
tional proof of the reflection of heat: this 1 shall eo- 
deavour to explain to you. 

We suppose that all bodies whatever radiate caloric ) 
llic thermometer used in these experiments tlicrefbre 
emits calorific rays in the same manner as any other 
substance. When its temperature is in equilibrium 
with that ofthc surrounding bodies, it i-eceivea as much 
caloric aa it parts witli, and no change of temperature 
is produced. But whcnwc introduce a body of a low- 
fi' lenipcramre, such us apiece of ice, which partk 
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milIi less caloric than it receives, llie consequence U. 
tliat its temperature is iiiiscd, whilst that of the sur- 
rounding bodies is propcruonalily lowered ; and as, 
from the effect oF the niirrorst a niore conMclerablc cx- 
cliange of rays tukcs place between Uie ice and the 
tiiermometer, than between these and any of the sm-- 
i-ounding Ijodies, the temperotiire of the thertnonieler 
must be more lowereil than that of any otheradjacciit 

CaraHne. I do not perfectly unclcrstand your «spla- 

Afri. B. This experiment inexactly similar lo that 
niatlc with the heated bullet : for, if ivc cnnsider the 
thei-tnometer as the hot hody (which it ccridnly is in 
comparison to tlie ice), you may then easily iinderstHnd 
that it is by the loss of the calorific rays wliich the ther- 
mometer sends to the ice, and not by any cold rays 
received from it, that the fall of the mercury is occa- 
sioned ; for the ice, far from emitting rays of cold, 
sends forth rays of caloric, which diminish the loss sus- 
tained, by the thermometer. 

Let lis say, for instance, Uiat the radirttjon of the 
thermometer lowords the ice is equal lo 2", and that 
of the ice towards the Ihennomcter to Id ; the exchange 
in favour of the ice is as 20 is to 1(>, or the thermome- 
ler absolutely loses in, >yhilsl the ice gains 10. 

CaroSnr. But if the ice actually sends rays of ca- 
liiric to the thermometer, must not the latter fall still 
ioiver when the ice is removed ? 

jl/r*. ff. No i for the air which iviU fill the space 
that the ice occupied, being of tlic same temperature 
as the thermometer, will emil and receive an equal 
quantity of caloric, so tliat no alteration of temperature 
will be produced. 

Cardinc. I must confess that you have explained 
this in so satisfactory a manner that I cannot help being 
convinced that cold has no real claim to the rank of a 
positive being. So now we may proceed to the utlier 
inoilificalions of caloi'ic. 
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Mr9, B. We have not ye concluded our observa- 
tions on free caloric. But I shall defer, till ournext 
meeting, what I have further to say on this subject) 
as I believe it wrill afford us ample convei*sati(Hi fa 
another interview. 



Contierisation m. 

Continuation of the Subject. 



Mrs, B. 

Ik our last conversation, we began to examine the 
constant tendency of free caloric to restore an eqiulibri- 
um of temperature. This property, when once well 
understood, affords the explanation of a great variety 
of facts which appeared formerly unaccountable. Yoo 
must observe, in the first place, that the effect of thb 
tendency is gradually to bring all bodies that are in 
contact, to the same temperature. Thus, the fire 
which burns in the grate, communicates its heat from 
one object to another, till every part of the room has 
an equal proportion of it. 

Emily, And yet this book is not so cold as the XsSAt 
on which it lies, though both are at an equal distance 
from the fire, and actually in contact with each other, 
so that, according to your theory, they should be exact- 
ly of the same temperature ? 

Caroline. And the hearth, which is much nearer the 
fire than the carpet, is certainly the colder of the two. 

Mrs. B. If you ascertain the temperature of these 
several bodies by a thermometer (wjiich is a much more 
iiccuratc test than your feeling), you will find that it is 
exactly the same. 



roliiie. But if they nrc of tbe siinc temper^^^^H 
filiould the one feel colder tlian ihe other ^ j^^^H 
i-a. B. The hearth oiid the table feel colder M^^H 
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^bc catiiet or the book) because the latter are not ! 
good eonduclar* of /ira! as tbe former. Cnloric Giidsa 
more easy paasaEC through marble and wooil. than 
through leather ami worsted! the tivo foriiierwiil therc- 
foreabaorb heat more rapidly frotn your hand, And con- 
sequently ^ve it a stronger seiisaiion of cold than iho 
(wo latter, although tiiey are all of ihciii really of the 
|e tempenture. 

froliiie. So, then, the sensation I feel on touching 
d body, U in proportion lo ihc r^ipidity with wluch 
ipand yields its heat to that iiody r 
Jlfra.D. Precisely ; and, if yon lay yoUr hand suc- 
cessively on every object in the room, you will discover 
^thich arc good, and which arc bad conductors of heal, 
by the differewt degrees of cold you feci. But in order 
to ascertain this point, it is necessary that the several 
eiibstances should be of th? same temperature, which 
will tiot be the case with those that are very near the 
&rc, or those that are exposed to a current of cold air 
from a window or door. 

Emily. But what is tbe reason that some bodies are 
better conductors of heat tlian others ? 

jV/rs. 23. That is a point not well asceilaincd. It is 
conjectured tliat a ocrlaiD union or adherence takes place 
between tbe caloric and the panicles of the bod j- through 
^vhiell it passes. If this adherence he strong, the body 
detains tbe heat, and parts with itslowly and reluctant- 
ly ; if slight, it propagates it freely and rapidly. The 
l^wducting poiverof a^body is ibcrcforc, tiivci-sely, as 
J^J|Hidency to unite with caloric. 
^^KrvV^. I'liat is to say, that the bc^t conductors i\re 
^^B that have the least afrniiiy for caloiic. 
^B^>. B. Yes i but I object to the term aflinily in tWs 
.fVWi because as that word is used to expi'essa chcm- 
icil attraction (which can be destroyed only by decom- 
Dn), it eannol be applicable to the slight and tnm- 
iinion that takes place between free caloric \ ' 
jdies through which it passes ; an union whici 
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•: , s© weak, that it constantly yields to the tcndenc; 

■•■■j caloric has to an equilibrium.' Now you clear!) 






Stand, that the passage of caloric, through bod: 
are good conductors, is much more rapid than i 
those that are bud conductors, and that the forn 
i . give and receive it more quickly, and th^refoi 

f given time, more abundantly, than bad con 

j. which makes them feci cither hotter or colder, 

j' . tliey may be in fact, of the same temperature. 

i'j Caroline, Yes, 1 understand it now ; the tal 

M the book lying upon it, being really of the san 

j'l perature, would each receive in the same space < 

H the same quantity of heat from my hand, wei 

(.,! conducting powers equal ; but as the table is t 

' ; conductor of the two, it will absorb the heat fi 

hand more rapidly, and consequently produce a 
er sensation of cold tlian tlie book. 

Mrs, B. Very well, my dear ; and observ 
wise, that if you were ta heat the taWe and th 
an equal number of degrees above the temp 
i" of your body, the table which before felt the 

!' would now feel the hotter of the two ; for as in t 

j case it took the heat more rapidly from your h 

it will now impart heat most rapidly to it. T 
marble table, which seems to us colder than t 
hogany one, will prove the hotter of the two to l 
for if it takes heat more rapidly fit>m our hands 
are warmer, it will give out heat more rapidly 
ice, which is colder. Do you understand the x< 
these apparently opposite effects I 

Emily, Perfectly. A body that is a good co 
of caloric, afibrds it a free passage ; so that i 
trates through that body more rapidly than 1 
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Iwdiea of the same temperature is equal. Now, can 
loii lell me why flamiel clothing, which is a very J)ad 
tuiuluctor ofheat, prevents oi'.r feeling coW ? 

CaroSne. It preveiils the r.old from penetratin( 

Mrs. B, But you forget that cold is only a negative 
<juulity. 

CanHiic. True ; it only prerents the heal 
bodies from escaping bo rajudly as it would oth! 
do. 

Mrs. B. Now you have explained il light 
flannel rather keeps in the heat, than keeps out llic 
cold. Were the atmosphere of a higlier tcmpci'atui'i; 
thai! our bodies, it would be equally efticadous in pre- 
serving them of aq unifoi'm temperature, as it wauld 
pi'event the free access of the external heat, by the 
difficulty with which it conducts it- 

Eimly. This, Ithink, is very clear. Heat, wlieiher 
external or internal, cannot easily penetrate flannel ; 
therefore in cold weather it keeps us warm ; anil if 
the weather was hotter than our bodies, it would keep 
us cool. 

Mrs. B. For the same reason, glass window*, 
which are very bad conductors of heat, keep a room 
warm b winter and cool in summer, provided the suii 
does not shine upon them. The moat dense bodivs 
are, generally s]}eakjng, the best conductors of beat. 
At tile temperature of the almosphete a piece of metal 
will feel much colder than a piece of wood, and the 
latter tliaii a piece of woollen cloth : this again will feel 
colder than flannel ; and down, which is one of the 
lightest, is at the same time, one of the wai'mcbt 
bodies. 

Caroline. This is, I suppose, tlic reason that |]ie 
plumage of birds pi'eserves them so ctTectually from 
the influence of cold in winter *. 

Mrs. B. Yes ; but though fcothers in general Hre 
on excellent preservative against cold, down is a kind 
of plumage peculiar to aquatic t>lrds, and covers their 
che&t, which is the part exposed to the water ; tor 
though tlie surface of the water is not of a lowei 
perature than llie atmosphere, yet] 
D 2 
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jndticMir of lit ji, ii feels much wider, conscqiMWlf 

E cVlcO. of itic biixl lequires a w.ii'aiei' covering Uiid 

y other part of its bod^. 

■■Most aninul substances, espccml^ tliose whkK 

' -Providence has as^igued na a coycriiig foraniraals, SHck 

as fiir, wool, hair, skin. Etc. ure bud comiuclDTsaE 

lieat, and ai'c, on tliat account such excellent pre3Cl<- 

vativcs against the inclemency uf winttr, ihat OTT 

warmest apparel is made of these materials. 

In fluids of different densities, the power of condup^ 
iiig heat varies no less reina.rkiibly ; if you dip jeui 
liant! into tliia vessel full of mercurvi you will bcareely 
conceive that its ti^mpcrwure is not lower than thut *iC 
tlie atmosphere. 

Carolhie. Indeed I can hardly beiiieve it, it f«e)ssD 
extremely cold. — But we may cBHily ascertain its tna 
temperature by the thermometer.— It is really iM. 
colder than the air ; — the apparent difTerunce ihene 
produced merely by tlie" differenoc of the conduciir^ 
power in mercury and in air i 

Mr3. B. Yes i hence you may judge how little ibe 
sense of feeling is to be relied on as a lest of the tem- 
perature of bodies, and how necessary a theraiometi: 
iafortliut purpose. 

not forget to tell you, that it has been 
juhted whetlier fluids have ilie power of conduclinj 
the same manner as solid bodies. Count 
himford a very few years since, attempted to pron, 
I variety of experiments, that fluids, ivhen at rea^ 
e not at all endowed with this properly, 
C'orcffnc. How is that possible, since they are copft- 
ble of imparting cold or heat to us ; for if ihey didiiec 
conduct heat, lliey ivould neither take it from, nor giva 
it lo us ? 

Mrs. B, Count Eumford did not mean to say ttal 

i.fiuids do not communicate tlieir heat to solid bodies; 

k.bnt only that heat does not pervade fluids, that la to say, 

' is not transmitted from one pai-licle of a Suid loanoUia) 

in the same manner as in solid bodies. 

Sillily, But when yon heat a vessel of water over 
UiC tirt^, if the p^irticlei of water donot commun" 



beat to each other, how does \he \v:MV becorai 
throughout ? 

Mrs. B. By eonstam agilatioii. ^Vatci' as you 
seen, expands by lieaC ui the same manner as 
bodies ; the heu^d {KiitJclcs of tvaler therefore, a 
bvttom of the vessel, bteorue specifically kghtei' 
the rest oTibc liquid, and consequently ascond^M 
surface^ where, palling vvith somti of tlicir heat to 
coklei' atmoapliere, they oie condensed, a»d givi 
to a fresh succesacn of heated particles ascc 
froin tbc bottuni, which having thiiiwu off their heat 
at ilic surfuce, arc in their luiii displaced. Thus 
pai'iicle is siuccessively hciited i.iC the bQiioun, and coolt- 
ed at the surface of ihu liquid ; but as the lire comi 
nicates. he^tt more I'apidly than the ainiosphere cc 
the succession of surfaces, the whole of the Ui-iuid- 
time becomes healed^ 

Caivline. This, accounts most ingeniously for 
prop&gaiioti of hcut upwards. But suppose you wcre- 
10, heat the upper surLce of a liquid, llis purticles being 
specifically lighter than those below, coulil 
ccnd : how thercfbi'c would the heat be communici 
doi/iiwai-ds? 

Jifrs. B. Comit Rumford asBures us, that if 
WHS no agitation to force the heated surface downwi 
the heat would not descend.. In proof of this, he 
ceeded in maUing the upper surface of a vessel of n 
boil and evaporate, while a cake of ice treinained fri 
at the botioni- 

Caroline. Tliat is very extraordinary indeed!' 
J\Irs. B. It appears so, because we aie not 
wmed to licat liquids by their upper Sl1ri^lce^ but 
will undcrshind this theory better if I shew; you ihi 
temal motion that takes place in liquiils when they 
Bei'iencc a change of temperature. The motion of' 
bquid itself is indeed invisible fiDm Uie ex 
Dcas of its pBi ticlea ; but if you mix with it any cok 
ed dust, or powder, of nearly the same specific grai 
as the liquid, yon may judge of the internal moT'" 
the latter by that of the coloured dust it contains, 
you see the small pieces of amber moviiig about 
liquid contained Jn this phkil. 
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[ Carolinf. Yes, perfectly. 

, Mra. B. We shall now immerse the phial in a ^ast 
ater, and (lie motion of the liquid "ill be shovsi 
ty that which it communicates to the amber. 
^ Mnuly. 1 see two currents, the one rising along the 
" J of tl.e phkl, the other descending in the centre; 
lUt I do uot understand the reason of thia, 
► Mra. B, The hot water Gommuiiicatcs its c^loiic, 
lugh the medium of the phial, to the particles of the 
\ ifluid nearest to the glass ( these dilate and ascend lata- 
"mlly to tile surface, where, in parting with their hesti 
Yhcy are condensed, and in descending, form the cen- 
tral current. 

CaroRne This is indeed a very clear and satisfactoty 
experiment ; but how much slower the currents noif 

Ewe than they did at first? 
flln.B. It is because the circulation of particIeshK 
arly produced an etiuilibrium of temperature betwCEn 
; liquid in the glass and that in the phial. 
Caroline. But these communicate laterally, nod 1 
thought that heat in liquids cdtiid be propagated onljr 
upwarda I 

r^Mri. 3. You do not take notice that tlie heat ia Jltl 
pirted tmm one liquid to the ot)ier, through the toodi- 
n of the phial itself, the external surface of which rt» 
i the heat from llic waier in the glass, whilaUtt 
iBtema! surface transmits it to the liquid it contains^— 
» take the phial out of the hot water, and observe 
the effects of its cooling. 

Emily, The currents ai'e reversed j the exteniiil 
current now descends, and the mtenial one ilsies. I 
guess the reason of this change : — tlie phial beingbin 
contact with cold air instead of hot water, the cKtemd 
panicles are coaled instead of being heated ; they tber^ 
fore descend and force tip the central particles, whlcJi 
being warmer are consequently ligher. 

Mrs. B, It is just so. Count Rumford infers froBl 
hence, tliat no alteration of temperature con take place 
in a fluid, without an internal molion of its panicles, 
and as this motion is pioduced only by the comparative 
levity of the heated particles, heat cannot be propagated 
doivnivards. 
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Tlih theory espliuns the ren^on of die cold thai is 
I'liiud to prtvHJl at the bottom of the lakes in Switzei- 
l.mil, wliicli ave fed by rivers issuing fit)!!! llie snowy 
Alps. The wuter of these iiTere being colder', and 
thei'cfoi-e moi-e dense than thut of the bkes, subsides to 
the bottom, where it cannot be affected by the wanner 
Icmperatiive of the surface ; the motion of the waves 
uiay commuiiicute this icniperatui-e to some liltle deplh, 
but it cun descend no further than the agitation oxtends. 

Minify. But when the atmosphere Js colder than the 
lakCi the colder surface of the water will descend for 
the 1 cry reason that the wanner will not ? 

jl/r*. O. CcrtiJnly ; and it is on this account tha' 
neither a luke tior any body of water whatever, can be 
IVozcii until fivery panicle of the water has risen to the 
soriucc to lijivc oS' its cbluric to thecoldcr utmospherc ; 
thercfovc the deeper a body of water is, the longer wiil 
be llie time it requires to be frozen. 

£mlij. But if the temperature of the whole body of 
water is brought down to ttte fieezing point, why is only 
tlic surface fi-ozen ! 

Mrs. B. The temperature of the whole body is low- 
ered, but not to the freezing point. The diminution of 
heat as you know, produces a contraction in the bulk 
of fluids, as well as of solids. This effect however does 
not take place in water below the temperature of forty 
degT'Ces, which is eight degrees above the freezinjj; 
point. At that temperature, therefore, the internal 
motion, occasioned by the increased specific gravity 
of the condensed panicles, ceasQs ; for when the water 
at tlie surface no longer condences, it will nolcngerde- 
stetid, and le;ivc a fi'esh surface exposed to tjie atnios- 
phei'e ; this stirLce ulone, tliei-e&re, will be funhcr. 
exposed to its severity, and will soon be brought dowu 
to the freezing point, when it becomes ice, which being 
It bad conductor of heat, presci-ves the water beneath u 
long time from being affixed by the external cold, 

Caroline. And the sea does not freeze, I suppose, 
becziusc its depih is so great, tliat a fro^t never lusts 

Knough to bring down the temperature of sucU a 
Lo;ly of wat';r to i'u'.ty degrees i "^^ 
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Mrs, B. No, that is not the case ; for salt water is 
an exception to this law, as it condenses even many <k- 
grees below the freezing point. When the caloric of 
fresh water therefore is imprisoned by the ice, the ocean 
still continues throwing off heat into the atmosphere, ' 
which is a most signal dispensation of Providence to mo- 
derate the intensity of the cold in winter. 

Kmily, I admire this theory extremely ;* but allow 
mc to ask you one more question relative to it. You 
said that when water was heated over the fire, the par- 
ticles at die bottom of the vessel ascended as soon as 
heated, in consequence of their specific levity ; why 
docs not the same effect continue when the water boils, 
and is converted into steam' ? and why does the steam 
rise from the surface instead of the bottom of the liquid? 

Mrs, B, The steam or vapour does ascend from the 
bottom, though it seems to arise from the surface of the 
liquid. We shall boil some water in this Florence flask ; 
(Plate IV, Fig, 5. J you will then see through the glass, 
that the vapour rises in bubbles from the bottom. Wc 
shall make it boil by means of a lamp, which is more 
convenient for this purpose than the chimney fire.— 

Emily, I see some small bubbles ascend, and a great 
many appear all over the inside of the flask ; does the 
water begin to boil already ? 

Mrs, B, No ; what; you now see are bubbles of air 
which were either enclosed in the water, or attached to 
the inner surface of the flask, and which, being rarest 
cd by the heat, ascend in the water, 

PL\rE IV. 

Fig 5. Boiling water In a flask over a patent lamp. 

Fig. 6. Bther evaporated and water frozen in the air pump. 
A. A phial of ether. B- Glass vessel containing water. C. C« 
Thcrmometcrji, one in the ether, the other in the water. 

• This theory of the non-conducting power of fluids, notwithf 
ftanding all its plaufibility, has been found, by a variety of fubfe? 
(jucnt experiments, to have been carried by Count Rumford, ra* 
ther too far ; and it is now generally admitted that fluids are not 
entirely deftitute of conduAibility, though they propagate heat 
chiefly by motion, in the manner jud explained, and poflefs the 
cocdwcting power bm in a very impcrfe<ft de^cc. 
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. Emily. But the heal which rarefies the air enclosed 
fa the water, must rarefy the water at the same time 
therefore, if it coulil remain stationary in the water 
when both wei'c cold, 1 do not underatand why it slioul^ 
Bot when both are equally heated I ~" 

Mrs. H. Air being much less dense than water, 
more ea^ly rarefied ; the ibrmer therefore expands .^ 
a greater extent, wliilst the latter continues to occupy 
nearly the same space ; for water dilates cotnpnratiTcljr 
but rery little without changing its state and becomiug 
vapour. Now that the water in the llask begins to boil, 
observe what large bubbles rise from the bottom of it. 
, Jimilif. I see them perfectly ; but I wonder that 
they have sufficient power to force themselves through 
the water. 

Caroline, They must rise, you know, from their 
citic leTJty. 

Mra, S, You are right, Caiwline ; but vapour 
not in all liquids (when brought to the degree of vapor- 
isation) the power of overcoming tbc pressiu-e of the 
leas heated surface. Metals for instance, evaporate 
only from the surface ; therefore no vapour will ascend 
from them till the degree of heat which is necessaiy to 
form it has reached the surface ; that is to say till the 
whole of the liquid is brought to the boiling point. 
This is the case witb all metals, mercury alone excep- 
ted. ■ 

JEmily. I have observed that steam, immediately is- 
suing from the spout of a lea-kettle, is less vi>iible than 
at a further distance from it ; yet it must be n)Oi'e dense 
when it first evaporates than when it begins to dilfuse 
itself in the w: 

Mrt. B. Your objeclion is a very natural one ; and 
in order to answer it, it will be necessary for me to en- 
ter into some explanation respecting the nature of solv- 
TioN. Solution lakes place whenever a body is mehed 
in a fiuid. In this operation the body is reduced to such 
a inintite state of division by the fluid, as to become 
invisible in it, and to partake of its fluidity : hut this 
)m{)P»is without any decompwEilion, the body being 






jugh 
ipop- I 



i 



< 



(' divided into its inlCErant panicles by the fluid in 
hich it is melted. 
Caroline. It is then a mode of destroying Uic rt- 
'action of aggregation. 
Mrt. Ji. Undoubtedly. — The two principal solfent 
fluids fire Kater and caloric. You may have obsened 
that if you melt salt in water, it totally disappears, kA 
the water remains clear and transparent as before ; jfll 
though the union oF these two bodies apjwars so pe> 
&ct, it is not produced by any chemical cornbinatiop! 
Iwlh the salt and the water remain uncliangcd ; and ^ 
fc Jouwereto separate them by evaporating the^attef) 
AOU would find the salt in the same state as before. 
Emily, I suppose that water is a solvent for siriid 
lodies, and caloric for liquids ? 
P Mra. B. Liquids of course can only be canterted 
into vapour by caloric. But the solvent power of liiii 
agent is not at all confined to that class of bodies; i 
^reat variety of solid substances arc dissolved by hcati 
thus metals, which are insoluble in water, can be &> 
solved by intense heat, being first fused or converted 
into a liquid, and then rarefied into an invisible vappui. 
Many other bodies, such as salts, gums, &c. yield \a 
^^•jitherof these solvents. 

^^K Caroline. And that, no doubt, isthc reason why hot 
^^Bteater will melt them so much better than cold'wratcr! 
^^r> Mrs. B. It is so. Caloric may indeed be con^de^ 
«d as having, in evei^ instance, some share in the so- 
lution of a body by water, since all water, however low 
its temperature may be, always contains more or lew 
c^oric. 
^t Emily. Then perhaps water owes its solvent power 
^^^^erely to the caloric it contains ? 
^^~- Mrs. B. That probably would be carrying the qjw 
^^ ulation too far ; 1 should rather think that water wA 
caloiic unite their efforts to dissolve a body, and that ihi 
tlidiculty or facility of effecting this, depends both on 
the degree of attraction of aggregation to be ave^ 
I ^ come, and on the arrangement of the particles wbkh 
I are more or less disposed to be divided ond penetoKd 
* by the solvent. 
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" Emily. But have not all liquids the same scdrent 

power as water ? 

Mrs. B. The solvent power of other liquids varies 
nccording to their nature, nnd that of the substance 
Bubniitted to their action. Most of these solvents, in- 
deed, differ essentially from wuter, as they do not 
merely separate the integrant panicles of the bodies 
which they dissolve, but attack their constituent princi- 
ples by the power of chemical attraction, thus produc- 
ing a true decomposition. These more complicated 
operations, which may be distinguished by the name 
of e/ieiitieal soluciom, we must consider in another place, 
and confine our attention at present to the simple solu- 
tions hy water and caloric. 

CaroSnf. But there are a variety of substances which, 
when dbsolved in water, make ii thick and muddy, and 
destroy its transpareacy. 

Mrs. B. In this case it is not a solution, but simply 
a mixture. I shall show you the diflerence between a 
solution and a mixture, hy putting some common salt 
into one glass of water, and same powder of chalk into 
another; both these aubslances ai-e white, but their 
effect on the water will be very different. 

Caroline. Very different indeed ! the salt entirely 
disappears and leaves the ivater transparent, whilst the 
chalk changes il into an opake liquid like milk. 

Emty. And would lumps of chalk and salt produce 
similar effects on water ? 

Mra. B. Yes, hut not so rapidly ; salt li indeed soon 
melted though in a lump, but elialk which does not 
mix so readily with water, woidd require a much 
gi'eater length of time ; I therefore preferred showing 
you the experiment with both substances reiluced to 
powder, which dies not in any respect alter their na- 
tui-e, but fecilitatca the operation mereSy by preaendng 
a greater quantity of surface to the water. 

I must not forget to mention a very curious circum- 
stance respecting sohnions, which is, that a fluid is not 
increased in hulk by holding a body in solution, 

Caroline. That seems impossible ; for two 
cannot exist together in the same space. 
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^Bt ^^''»- ^- Thai is true, my dear ; but two bodiei 

^^WBy, by condensation, occupy llie same space whkb 

^^Ke of them filled before. It is supposed that tlur* 

^^Ke pores or iuterstices. in which Uie salt lodges, t» 

^^^reen the minute particles of the water. And these 

spaces are so small that ihe body to be dissolved m 

be divided into veiy minute particks in order to be o 

liiined in them ; and it is this stale of very gre^ din- 

sion that renders them invisible. 

Caroline. I can try this experiment immedtEicdr- 
— It is exactly so — ilie water in lliis glass, which 1 fiU- 
ed to the brim; is melting a considerable quantity of 
salt wiilioui oversowing. I shall try to add a t ' 
moi'e. — But now, you see, Mrs, B. the water r 

Mm. B. Yes; but observe that the last quantityoF 
salt you put in remains solid at the bottom, and displocei 
the water; for it has already melted all the «alt it is 
capable of holding in solution. This is called the pwA 
of saturation ; and the water is now said to be wttuTotti 
with salt, 

Emily. This happens, 1 suppose, when the inter* 
Slices between the particles of the liquid are complete- 
ly filled ? 

Mm. 13. Probably. But these remarks, you tniui 
observe do not apply to a mixture ; for any substance 
which does not dissolve, increases the hulk of the li- 
quid. 

Emily. I think I now understand the soluticoi of * 
solid body by water perfectly : but I have not so dtst 
an idea of llie solution of a liquid by caloric. 

Mn. B. It is precisely of tlic same nature j but 
us caloric is an invisible fluid, its action as a sol^'eiit is 
not so obvious aa that of water. Caloric dissolves water, 
and converts il into vapour by the same pi'ocess as wat- 
er dissolves salt ; that is to say, the particles of water 
are so minutely divided by the caloric as to liecome in- 
visible. Thus, you arc now enabled to imderstand 
why the vapoui^ of boiling water, when it first Issues 
fi'om the spout of a kettle, is invisible ; it is 5o, because 
it is tlien completely dissolved by caloric. But the air 
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, wich which it comes in contact, being much ooMer than 
tfie vapour, the latter yields to it a qiianiity of its ca- 
loric-. The particles of vapour being thus in a gi-cat 
rn:^-j5ui'e deprived of theif solvent, gradually" collect 
:il become visible in the form of steam, which is 
,: stale of imperfect solution ; and if you wet 
ji^i- lo deprive it of its caloric, it would return 
original liquid state. 

Carolint. That I understand very well ; but ii 
state is the steam, when it again becomes invisible! 
being difiiised in the air ^ 

Mra. B. It is carried off and again dissolved by id 

Kmily. The air then has a solvent power, like w 
and caloric ? 

Mrs. B. Its solvent power proceeds chiefly, if H 
entirely, from the caloric contained in it, the al 
phere acting only as a vehicle. Sometimes the w 
vapour diffused in the atmosphere is but imperfect' _ 
dissolved, as is the case in the formation of clouds and 
fogs ; hut if it gels into a region of air sufficiently 
warm, it becomes perfectly uivisiblc. 

Emily, Does the air ever dissolve water, without its 
l)eing previously converted iuto vapour by boiling? 

Mrs. B. Yea, ii does. Water wlien heated to the 
boiling point, can no longer exist iii the form of water, 
and niuat necessarily be converted into vapour, what- 
ever may be the state and temperature of the surj'ound- 
ing medium ; hut the air (by meuns probalily of the 
caloric it contains) can take up a certain portion of 
water at any temperature, and hold it m a state of so-. 
lutioD. Thus the atmosphere is continually carrying olT 
moisture from the eaitli, until it is saturated with it. 

The tendency of free caloric to an equilibrium, 4 
getber witli hs solvent power, are likewise coniieow 
with the phenomena of rain, of dew, &c. \Vlien"| 
cloud of a ceiiaui tempei-atui'c happens to pass tlirou^ 
a colder region of the atmosphere, it parts with a por- 
tion of its heat lo the surrounding air ; the quantity of 
'«Mloric therefore, which served to keep tlie cloud in u 
■of vapour, being diminished, the watery puriiclM 
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apprrrssch e^ch crj^er. sjad form themselivs into dn^ 
cf v-:er. ^rhich bc-lr^.r heavier thsn the atmospheit) 
cesccrid to the cinh. There src also other drcmn* 
s:isce*. 2J". d pirdc"'ir> ihe ii-&rb'Jon in the freight rf 
the itiEos-^here, - hich n^av contribute to the fonnaoioD 
cf r>i^. TrAs howc'^cr, is an iniriciie subject, into 
vrlAz'n we conrjot mere fully enter at present. 

£77::. \,. But in what manner do you account fiir the 
form&iion 01 dcT r 

-Vr*. B. During the heat of the diy the air is able 
to retijn a greater quaritity of vapour in a state of so* 
lution, thin either in the morning or evening. As 
soon, therefore, as a dimicution of heat takes place Uh 
wards sun-set, a quantity of vapour is condensed, and 
falls to the ground in form of dew. The momiog 
dew, on the contrary, rises from the earth ; but when 
the sun has emitted a sufficient quantity of caloric to 
dissolve it, it becomes inrisible in the atmosphere. 
When once the dew, or any liquid whatever, is per^ 
fectly dissolved by the dr, it occasions no himiidity ; it 
is only when in a state of imperfect soluUon, and float* 
ing in the form of watery vapour in the atmosphere) 
that it produces dampness. 

Caroline. I have often observed, IVIrs B. that wlu^l 
I walk out in frosty weather, with a veil over my &ce) 
my breath freezes upon it. Pray what is the reason of 
that ? 

Mrs, B, It is because the cold air immediately seizes 
on the caloric of your breath, and reduces it, by roh^ 
bing it of its solvent, to a denser fluid, which is the 
watery vapour that settles on your veil, and there it 
continues parting mth its caloric till it is brought down 
to the temperature of the atmosphere, and assumes 
the form of ice. 

You may, perhaps, have observed that the breath of 
animals, or rather the moisture contained in it, isvi^i 
blc durinji; a frost, but not in warm weather.* In the 
latter case, the air is capable of retaining it in a state 

* Unless in very damp weather, when the atmosphere ia al« 
ready saturated with moisture. 



\ 



( « ) 




of solution, whilst in the furinerr (!ie cold condense 
iQlo visible vapou r ; and for the s: 

arbing from water tlwt is warmer than the atmosphd)^^ 
ia \isible. Have you never taken notice of the vapour 
rising from your hands after having dipped them into 

Citrolinr. Often, especially in frosty weather ? 

Mri. B. When a bottle of wine is taken fresh from 
the cellar (in summer parUcularly), it will soon be Cov- 
ered with dew ; and even the glasses in which the wine 
is poured will be moistened with a dmikr vapour. Let 
me hear If you can account for this ! 

£mUy. The bottle is colder than the surrounding air. 
therefore it must absord caloric from it ; tlie moisture 
which tliat air held in solution must become visible, and 
form the dew which is deposited on the bottle. 

Mrt. B. Vei7 well, Ernily. Now, Caroline, can 
you teil me why, in a warm room, or close carriag 
the contrary effect takes place ; that is to say, thatU 
inside of the wbdows are covered with vapoiu- ? 

Caroline. I have heard that it proceeds from I 
breath of those within the carriage ; and I suppose it 
occasioned by the windows which, being colder th| 
the breath, deprive it of part of its caloric, and by t] ' 
means convert it into a watery vapour. 

Mrs. B. Very well, my dear : I am extremely 
glad to find that you both understand the subject so well. 

We have already observed that pressure is an obsta- 
cle to evaporation : there are liquids that contain so 
great a quantity of caloric, and whose particles conse- 
quently adhere so slightly togetlier, that they may he 
Converted hito vapour without any elevation of tempera- 
ture, merely by taking off the weight of the atmos- 
phere. In such liquids, you perceive, it is the pres- 
sure of the atmosphere alone that connects their parti- 
cles and keeps them in a liquid state. 

Caroline. I do not well understand why the particles 
of such fluids should be disunited and converted into 
vapour, without any addition of heat, in spite of the 
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_ . It is becauae the tjuantity of Caloric wliich 

enters into the formation of tliese fluids is sufficicat to 
overcome their altraction of cohe^on. Ether is of 
this descriplion ; it will boil and be conrerted intova- 
pour, uithout any appUi:ation of heat, if the pressuK 
of the atmosphere be taken oR. 

Emily. I thuughi that ether would evaporate wilh- 
out cither taking away the pressure of the atinospheK, 
or applying heat, and that it was for that reason M 
necessary to keep it carefully corked up. 

Mrs. B. That is true ; but in tliis case it will evap- 
orate but very slowly, f am going to show you how 
suddenly the ether in this phial will be converted into 
vapour, by meansof the air pump. — Obser\e with what 
rapidity the bubbles ascend, as 1 take olT the pressUM 
of the atmosphei-e. 

Caroline. It positively boils i how singular to sees 
litjuid boil without heat ! 

Mra. B. Now I shall place the pliial of ether in 
Ibis glass, which it nearly fits, so as to leave only a 
small space, which I fill with water ; and in this state 
1 put it again under the receiver. (Plate IV. Flg.%.^*' 
— You will observe, as I exhaust the wr from it, that 
whilst tlic etlier boils, the water fi-eezes. 

CaraUme. It is indeed wonderful to see water freeze 
by means of a boiling Huid ! 

Emily. There is another circumstance which I am 
unable to account for. How can the ether change to i 
state of vapour, without an addition of caloiic ; for it 
must contain more caloric in a state of vapour, than h 
a state of liquidity ; and though you say that it is ihc 

■ Two pieces d( thin gXma tubei, mlcd at one end, might 
answer ihis purpose betler, The experinient, however, as boe 
detcribed, is diScnlc, and teqaires a very nice ipparatua. But 
if inileid of phiali or tuhei, two wacch glasEcs be uisdi wUcr 
may be frozen almoit instantly in the eame manner. The two 
glaises are placed over one another, with a few drops of water 
interposed between them, and the uppermost glass ia filled with 
ether. After working the pump for a minute or two, the glaisci 
are found to adhere luon^ij together, and a thin la^er of ice il 
KCD between them. 
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Insure of the atmosphere wliicli condenses it into t 
[pd, itmustbc, I auppose, by forcinp; out part of the 
pric that lielongs to it when in an aei-iform state I 
Mrs. B. You Mi3 right. Ether, in a liquid state, 
does not contun a sufficient quantity of caloric to become 
vapour. I have Iherefo're, two difficulties to explain ; 
fii-9t, from whence the ether obtains the caloric neces- 
sary to convert it into vapour when it is relieved from 
the pressure of the atmosphere ; and. secondly, what 
15 the reason that the water, in which the boule of ether 
stands, is frozen ? 

Caroline. Now I think I can answer botli these ques- 
tions. Tlic ether obtains the addition of caloric requir- 
ed from the water in the glass ; and the loss of caloric, 
ivhich the latter sustains, is the occasion of its freezing. 

Mrs. B, You are perfectly right ; and if you look at 
the theriTKimeter which I have placed in the water* 
whilst I am working the pump, you will see tliat every 
time bubbles of vapour are pro^Iwced, the mereury de- 
scends ; which proves that the heat of the water dimin- 
ishes in proportion as the ether boils. 

Mmiiy. This I understand now very well ; but if the 
water freezes in consequence of yielding its caloric to 
the ether, the equiUhrium of heat must in this case, be 
totally des'troyed. Yet you have told us, that bodies of 
a different temp eratHi'e are always communicating their 
heat to each other, till it becomes every where equal ; 
and besides, I do not see why the water, though origi- 
nally of the same temperature as the ether, jpves out 
calortc to it, till the water is frozen and the ether made 
to boil. 

Mrg. B. I suspected that you would make these ob- 
jections ; and lo order to remove them, I enclosed two 
thermometers in the air-pump ', one of wliich stands in 
the glass of water, the other in the phial of ether ; and 
you may see that the equilibrium of temperature is not 
destroyed ; for as the thermometer descends in the wa- 
ter, that iu the ether sinks in the same manner ; so that 
both thermometers indicate the same temperature, 
th ough one of ihem is in a boiling, the other in « fracB- 
^"^S liqtrid. 
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Emiiy. The ether then becomes colder as it \xsk] 
This is so contrary to common experience^ that I ooa- 
fess it astonishes me exceedingly. .£.,. 

Caroline, It is, indeed, a most extraordinary dream* 
stance. But pray how do you account for it ? 

Mrs, B. I cannot satisfy your curiosity at present; 
for before we can attempt to explain this apparent par- . 
adox, we must become acquainted with the subject of 
LATENT HEAT ; and that, I think, wemust defer till ow 
next interview. 

Caroline, I believe, Mrs. B. that you are glad to put 
off the explanation ; for it must be a very difficult point 
to account for. 

Afrs, B, I hope, however, that I shall do it to your 
complete saUsfacUon. 

Emily, But before we part, give me leave to ask 
you one question. Would not water, as well as ethei^ 
boil with less heat, if the pressure of the atmosphere 
were taken off ? 

Mrs, B, Undoubtedly. You must always recollect 
that there are two forces to overcome, in order to make 
a liquid boil, or evaporate ; the attraction of aggprega« 
tion, and the weight of the atmosphere. On the sum- 
mit of a high mountain (as Mr. De Saussure ascertain- 
ed on Mount Blanc) less heat is required to make water 
boil than in the plain, where the weight of the atinos- 
phere is greater. But I can show you a very pretty ex- 
periment, which proves the effect of the pressure of 
the atmosphere in this respect. 

Observe, that this Florence flask is about half full of 
water, and the upper half of invisible vapour, the water 
being in the act of boiling. — .1 take it from the lamp and 
cork it carefully — the water, you see, immediately 
ceases boiling. — I shall now wrap a cold wet cloth round 
the upper part of the flask* 

Caroline But look, Mrs. B, the water begins to bdl 

* Or the whole flask may be dipped in a bason of cold water. 
In order to fhow how much the water cools whilst it is boiUng. t 
thermometer, graduated on the tub« itself, may be introduced iih 
to the bottle tlurough the cork« 



( 43 ) 

again, although the wet clotli must rob !c more and 
more of its caloric I What can be the reason of that ? 

Mrs. B. Let us examine its temperature. You see 
the thermometer immersed in it remtdns stationary at 
180 degfrecs, which is about 30 dejjrees below the bdl- 
ing point, When I took the flasli fi'omthe lamp, I ob- 
served to you that the upper part of it was filled with 
vapour ; this being compelled to yield its caloric to the 
wet cloth, was again converted into water — What then 
filled the upper part of the flask ? 

ETnily. Nothing; for it was too well corked for the 
air to gain admittance, and therefore the upper part of 
tlic flask must be a vacuum. 

Mrt, B, If the upper part of the flask be a vacuum, 
the water below no longer sustains the pressure of (he 
atmosphere, and will therefore Ixiil at a much lower 
temperature. Tlius, you see, though it had lost many 
degrees of heat, it began boiling again the inswnt tha 
vacuum was formed above it. The boiling has now 
ceased : if it hail been ether, instead of water, it would 
have continued boiling much longer; but water being a 
more dense fluid, requires a more considerable quantity 
of caloric to make it evaporate) even when the pressure 
of the atmosphere is removed. 

Eimlij. But if the pressure of the atmosphere keeps 
the particles of ether together, why does it evaporate 
when exposed to the air \ Nay, does not even water, 
the particles of which adhere so strongly together, slow- 
ly evaporate in the atmosphere \ 

Mrs. B. I have already told you that air has the 
power of keeping a certain quantity of vapour in solu- 
tioM at any known temperatui'e ; and being constantly 
In a slate of motion, and incessantly renewing itself on 
the surface of the liquid, it skinis off, and gradually 
dissolves new quantities of vapour. Water also has 
the power of absorbing a certain quantity of air, so that 
their action on each other is reciprocal ; the air thus 
enclosed in water is that which you see evaporate in 
bubbles when water is heated previous to its boiling. 

EimUl. What proportion of vapour can air coataio 
in a state of solution ? 
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Mrs, B, I do not know whether it has been exactlf 
ascertained by experiment ; but at an^ rate tlus pny 
portion must vary, both according to'die temperature 
and the weight of the atmosphere ; for the lower the 
temperature, and the greater the pressure, the small* 
er must be the proportion of vapour that air can con- 
tain in a state of solution. But we have dwelt so long 
on the subject of free caloric, that we must reserve the 
other modifications of that fluid to our next meetings 
when we shall endeavour to proceed more rapidly. 



Contiewation iv. 

On Specific Heaty Latent Heat^ and Chemical 

Heat. 



Mrs. B. * 

We are now to examine the three other n^odifica* 
tions of caloric. 

Caroline. I am very curious to know of what naturt 
they can be ; for I have no notion of any kind of heat 
that is not perceptible to the senses. 

Mrs. B, In order to enable you to understand them, 
it will be necessary to enter into some previous expla^ 
nations. 

It has been discovered by modern chemists, thai 
bodies of a different nature, heated to the same temper- 
ature, do not contain the same quantity of caloric. 

Caroline, How could that be ascertained ? 

Mrs, B, It was found that, in order to raise the 
temperature of different bodies the same number of de* 
grees, different quantities of caloric were required for 
each of them. If, for instance, you place a pound gf 
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lead, a pound of chalk, and a pound of milk, in a hot 
oven, thejf will he gradually Jieated to the temperature 
of the oven ; but the lead will attain it first, the chalk 
next, and the milk last. 

Rmily. As they were all of the some weight, and 
exposed to the same heat, I should have thought that 
tlicy would haTc attained the temperature of Uie 
at the same dme. 

Canine, And how is it that they do 
Mrs. R. It is supposed to be on account of the 
ent capacity of these bodies for caloric. 

Canhne. What do you mean by the capacity 
body for caloric ! 

Mrs. B. 1 mean a certain disposidon of bodies 
admit more or less caloric between their minute par- 
liclcs. 

Let us put as many marbles into tliis glass as it will 
contain, and pour some sand over them— observe how 
the sand penetrates and lodges between them. We 
shall now fill another glass with pebbles of various forms 
— you see that they arrange themselves in a more com- 
pact manner than the marbles, which, being globular, 
can touch each other by a single point only. The peb- 
bles, therefore, will not admit so much sand between 
tliem; and consequently one of these glasses will ne- 
cessarily contain more sand than the other, tliough 
both of them be equally full. 

CaroHite. This I understand perfectly. The mar- 
bles and the pebbles represent two bodies of different 
kinds, and the sand the caloric contained in them ; and 
it appears very plain, from this comparison, that one 
body may admit of more caloric between its particles 
than another. 

Mra.B. If you understand this, you c 
be surprised that bodies of a different capacity for calorii 
sliould require different proportions of diat fluid tor^se 
their temperatures equally. 

£tittit/. But I do not understand why the body that 
■contains the most caloric should not be of the highes 
temperature; that is to say, feel hot in propordor 
quantity of caloric it conliuns? 
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^r Mrs. B. The caloiic ihat is employed in filling ite 

^^apacity of a body, is not free caloric ; but it is inipri' 

Boned as it were in the body, and is therefore impo* 

ceptible ; for we can feel only the free radiating caloric 

which the body parts with, and not that which it te- 

Caroline. liappeare tome very extraorcUnary thatkeU 
should be confined in a body in such a manner as to be 
imperceptible. 

Mn. B. If you lay your hand on a hoi body, joa 
feel only the caloric which leaves it, and enters ywir 
hand ; for it is impossible that you should be senabfc 
of that which remMns in the body. The thermomeleri 
in the satne manner, is affected only by the free caloric 
which a body li-ansraits to it, and not at all by that which 
it does not part with. You see thei'efbi'e, tliat \kt 
temperature of bodies can be raised only by free lidiU- 
ing caloric. 

Carolhie. I begin to understand it ; but I ctBlfiw 
that the idea of insensible heat is so new and strange » 
me, that it requires some time to render it familiar. 

Mrs. B. Call it insensible caloric, and the difficully 
win appear much less formidable. It is indeed a sort 
of contradiction to call it heat, when it is so situatedu 
to be incapable of producing that sensation, 

Entily. Yet is it not this modification of caloric 
■which is called specific heat ? 

Mrs. B. It is so ; but it certainly would have been 
more correct to have called it sfiecific caloric, 

Emilij. I do not understand how the term t^ff^rqH 
plies to this modification of caloric ? 

Mrs. B. It expresses the relative quantity of calw 
ic whith different bodies of the same weight and icm- 
pei-ature arc capable of containing. This modificaiiaii 
is also frequendy called heat of capacity, a term per- 
haps preferable, as it expltdns better its ovm meaning. 

You now understand, I suppose, why the milk nai 

K:juircd a longer time than the lead to raise their 
tiire to that of the oven ? 
. Yes: the milkandchalk havinga greftter^ 
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rapacity for caloric than the lead, a greater proportioi! 
of that fluid bcciime insen^blc in tliusc bodies ; end 
the more slowly, therefore, their teiiiperalure was 

.l/ra. S. Ypu are t|iiite right. And could we mea- 
■iie the heat commtinicated by the oven to these three 
:.j<iilics, ive sliould findj thai though they have all ulii- 
iiuitcly reached the same temperature, yet they have 
absorbed dlfiei'ent quantities of heat according to their 
res,pcctive capacities for caloric -, that is to say, the 
milk most, the chalk next, and the lead least. 

Kmily, But supposing tiiat these three bodies were 
made much hotter, would heat continue to become in- 
sensible in them, or k thcj'c any point beyond which 
ihe capacity of bodies for caloric is so completely filled, 
tliat iheirheatof temperature can alone be increased : 
A/m. B. No : there is no such point ; for the capa- 
city of bodies for caloric always increases or diminishes 
in proportion to their temperature; so that wbenevcr 
a body is exposed to an elevation of temperature, part 
■ of the caloric it receives is detained in an insenaible 
stale, in order to fill up its increased capacity. 

Emily. The more dense a Iwdy b, 1 supixisc, the 
less is its capacity for caloric. 

il/r»- B. That is the case with every individual 
body J its capacity is least wlien solid, greater when 
melled and most considerable when converted into va- 
pour. But this docs not always hold good with respect 
to bodies of different nature ; iron, for instance, con- 
tains more specific heat than ashes, though it is cer- 
tainly much more dense. This seems to show that 
specific heal does not merely depend upon the inter- 
stices between the pardcles ; but, pi'obabty, also upon 
some peculiar power of attraction for caloric. The 
word capacity therefore, which is generally used, is 
not perhaps strictly correct; but until we are better 
acquainted with the nature and cause of specific heat, 
we cannot adopt a more appropriate term. 

Eviily. But, Mrs. B. it would appear to me more 

proper to compare bodies by meotUJ'c, latherthau by 

' ■ , in order to estimate their specilic heat. Why, 

F 
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'fcr instance, should we not compare fime» of milk, Bf 
chulk and of lead, rather than fiou/ids of those substffi- 
ces ; for equ'iil weights may be composed of very diSb^ 
cnt quaiilitjes .' 

Mra. B. You arc mistaken, m}' dear : equal weighu 
must contain equal quantities of matter ; and when m 
wish to know what b the relative qitantity of caloriCi 
which suhslanecs of various kinds are capable of coO" 
laining, under the same temperature, we mnsl com- 
jwre equal weighs, uiid not equal bulks of those sub- 
stances. Qodies of the same weight may uodoubtedlf 
be of very diflerent dimensions j but that docs not 
change the real qiumtity of matter. A pound of feaih- 
«rs docs not contain one atom more than a pound of 
lead. 

Caro/itie. I have another difficulty to propoac. ft 
appears to nic, tliat if the temperature of the three 
bodies in the oven did not rise equally, they vrould ner* 
er reach the same degree ; the lead would always 
keep its advantage over the chalk, aud milk, and woiud 
perhaps be boiling before the oihei's had attained tbs 
temperature of the oven. I think you might as well 
t«y that, in the course of time, you and I should be of 

Mre. B. Your comparison is not correct, my dear. 
As soon as the lead reached the temperature of the 
oven, it would remain stationary ; for it would then give 
but as much heat as It would receive. You should rC' 
collect that the exchange of radiating heat, between 
two bodies of equal temperature, is equal ; it wotild 
bo impossible, therefore, for the lead to accumulate 
heat after having attained the temperature of the oven ; 
and tliat of the chalk and milk therefoi-e would ultimate- 
ly arrive at the same standard. Now I fear that this 
will not hold good with respect to our ages, and that) 
as long as 1 live, I shall never cease to keep my ad- 
Yantageover you. 

Jimily. 1 think that I have found a comparison for 
specific heat, which is very applicable. Suppose tliat 
two men of equal weight and bulk, but who required 
'''Cerent quantities of food to satisfy their appetites, ait 
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[Jown to dinner, botli equally liungiy ; tlie o 
consume a much greater quantity ofprovUions iban 
[he other, in oi'tler to be eqii-Jly satisfied. 

Mrs. B. Yfi3, (hat is very fair ; for the quantity of 
food necessary Co satisfy their respective ^petitcs, 
varies in the same manner as the quantity .of caloric 
requisite to raise equallj the temperature of differed 
botlies. 

Jimjly. The thermometer, then, affords no indica. 
lion of the specific heat of botlies? 

Jifn. B. None at all : no more than satiety is a test 
of the quantity of &>od eaten. The thermometer, as I 
have repeatedly said, caji be affected only by a free or 
radiating caloric, ivhjch alone raises the temperature 
of bodies. 

Emily. And is there no method of measuring the 
comparative quantities of calotic absorhcd b the oven 
by tlie lead, the chalky and the milk ? 

Mrs. B. It may be done by cooHng them to the 
same degree in an apparat\is adapted t6 receive and 
measure the caloric which they give out. Thus, if you 
plunge them into tliree equal quantities of water, each 
at the same temperature, you will he able to judge of 
the relative quantity of caloric which the three botlies 
contained, by that, which, in cooling, they communi- 
i^ated to their respective portions of water ; for the 
same quantity of caloric which they ench absorbed lo 
Taise their temperature, -will abandon lliem in lon'eiv 
ingiii and OH examining the three vessels, of water, 
you will find the one jn wluch you immersed ihe lend 
to be the least hpatpd ; that wliich contained the chalk 
will be the nest ; and that which contained the milk 
will be heated the most of all. The celebrated Luvol' 
sier has invented a machine to estjmiste, upon this prin.- 
ciple, the specific heat of bodies in a mote perfect 
manner ; but I cannot explain it to you, till you ai-e af- 
^uainted with the next moditicatian of caloric, which is 
culled latcnl hrat. 

Caroliar. And pray what kind of heat is that ? 
^^ Mrs. B. It is ao analogous to specific heat, that moat. 
^Hkmisls moke ih) distincUon between them ; hi4^lH 
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Pictet, in his Essay on (ire, has so judiciously discrimir 
nuted them, that I think his view of tlie subject maj 
contribute to render it clearer. We therefore call kitetu 
fipat (a name that was first used by Dr. Black) that po^ 
tion of insensible caloric which is employed jn cbangr 
int^ the state of bodies ; that is to say, in convertiog 
solids into liquids, or liquids' into vapour. The heat 
which performs these changes becomes fixed in the 
body which it has transformed, an4r ^s it is perfectly 
concealed from our senses, it has obtained the name cl 
latent heat. 

Caroline, I think it would be much more correct to 
call this modification latent caloric, instead of latent 
heat, since it does not excite the sensation of heat. 

Mrs, B. That remark is equally applicable to boA 
the modifications of specific and latent heat ; but we 
must iK)t presume (unless amongst ourselves in order 
to explain the subject) to alter terms which are stiH 
used by much better chemists than ourselves. And, 
besides, you must not suppose that the nature of beat 
is altered by being variously modified : for if latent heat} 
and specific heat, do not excite the same sensatioiis as 
free caloric, it is owing to their being in a state of oonr 
finement, which prevents them from acting upon our 
organs ; and, consequently, as soon as they are extri- 
cated from the body in which they are imprisoned) thcf 
return to their state of free caloric. 

Emily. But I do not yet clearly s«e in ^hat respect 
latent heat differs from specific heat ; for they are botk 
of them imprisoned and concealed in bodies ? 

Mrs. B. Specific heat is that which is employed in 
filling the capacity of a body for caloric, in the state io 
which this body actually exists ; while latent heat is 
that whicli is employed only in effecting a change ot 
state, tliat is, in converting bodies from a solid to a 
liquid,'or from a liquid to an aeriform state. But I think 
that, in u general point of view, both these modificar 
tions might be comprehended under the name of keas 
of capacity^ as in both cases the caloric is equally enr 
gaged in filling the capacities of bodies. 

I shall now show you an experiment which I lioj;>e 
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i'.iil give yoti a clear idea of what U understeod by 
latent heat. 

The snow which you see in tiiis ])hial, has been cool- 
ed by certain chemical means (which I cannot well 
explain to you al preseni), to 5 degrees below the freez- 
ing point, as yoiiwillfiudiiidicaledby the theiroomEtec, | 
which is placed in it. We shall expose it lo die heat 
of a lamp, aud you will see the thermometer gradually 
rise, till it reaches the freezing point^rr— r- 

Emity. But there the thermometer stops, Mrs. B. 
and yet the lamp hums just as well as before. Why is 
not its heat communicated to the thei'mometer ? 

Caroline And tiie snow begins to melt, therefore it 
must be rising above the freezing point ? 

Mrs, B. The heat iio longer affects ih^ thermomC' 
ter, because itisiyliolly employed in converting the ice 
into water. As the ice melts, the caloric becomes 
talent ju the jiew foj-med liquid, and therefore cannot 
raise its temperature ; and the thevnioraeter will eoii.- 
sequently remain statjonary, till the whole qf the ice 
be melted. 

Caroline. Now it is all melted, and the ibcrmomcler 
begins to lise again. 

Atra. B, Because tlie conversion of the ice iiHo 
water being completed, the cajoric no longer becomes 
latent J and therefore the heat which the water now 
receives raises its temperature) .as you find thf thcr- 
mometer indicates. 

Emily. But I do not think that the thermometer 
rises so quickly in the water, as it did in the ice, pre- 
vious to its beginning to melt) though tlvc lamp bums 
eciually well ? 

Mrs. B. That is owing to the different specific heat 
pf ice and water. The capacity of water for caloric | 
being greater than that of ice, more heat is required 
to raise its temperature, and therefore the tbermome- ' 
ler rises slower ill the water than in the ice. 

Emily. True ; you said that a solid body always iti- 
jreased its capacity for heat by becoming fluid j aflj | 

Kis an instance of it. ^^^M 



Mr8» B. But .be careful QOt to coolbuiifl tifttf iAk» 
latent heat ' , ■ --^ij 

Endly, On the contraiy^ I think that tlus exnq|M 
distinguishes them extremely well 4 £>r thcragfa Vii^^^ 
•both go into an insensible state, fet they^^dUferiii W^ >| 
respect, that the specific heat fiUs the capfttitf ciE^pkj 
body in the state in which it exists, whQe iateot bflit 1 
changes that state, and is afterwards employed In iMm 
taining the body in its new form. *" ' ' * rjj 

CaroUne. Now, Mrs. B. the water b6gb» toboiJiJitfj 
the thermometer is again stationaty. * sl 

Mrs, B. Well, Caroline, it4& your turn to es{lfai||i^ 
the phenomenon. ' -- ij 

Caroline, It is wonderfully cuiious. The cakxAM 
now busy >: changing the water into steam^ in wHA^j 
it hides itself and beoimesinsensable. Tlds ia aDdli|MM?J 
example of latent heat, producing; a jcfaange cf ii^ l 
At first it converted a soHd body into a licpiid, tt!oAts0i^.: 
it turjiS the liquid into vapour.;- "'"*■'' 

Mrs. B. You see, my dear, how easily you Mli^ 
become acquainted with these mo^caUons o£ hnttiiP:'. 
ble heat, which at first appeared so unimcelfi^wr 
If, now, we were to reverse these change^ voA t6i^ 
dense the vapour into water, and the water ]BtD.io|%'» 
the latent heat would re-appear entirely, in the fixliB it- 
free caloric. 

JErtnly, Pray do let us see the effect >of latent 
returning to its natural form. v ; -^Z 

Mrs. B. For the purpose of shewing this, weacUL 
simply conduct the vapour through this tube intatiiJI!^ 
vessel of cold water, where it will part with its Itlhv 
heat and return to its liquid form. \^ ": 

Emily,. How rapidly the steam beats the water ] 
Mrs, B, That is because it does notmerely impMl^ 
its free caloric to the water, but likewisie its late&t.faMt 
This method of heating liquids has been turned tofd* 
vantage, in several economical 'Cstablishmenta; At 
Leeds, for instance, there is a large dye-hoiise, in Wfak^ 
a great number of coppers are kept boiling by memis i(t' 
a single one, which is situated without the buikfiu^'' 
and which alone is heated by fire. The steam ^f^^^' 
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5t IS conveyed through pipes into the bottom of each 
the other coppers, and it appears extremely singu- 
r to see all these copjjers boiling, though there is ftot 
particle of lire in the place. 

Caroline, That is an admirable contrivance, and I 
onder that it is not in common use. 

Afrs. B. The steam kitchens, which are getting 
ito such general use, are upon the same principle. 
'he steam is conveyed through a pipe in a similar 
lanner, into the vessels which contain tlie provisions 
» be dressed, where it communicates to them its latent 
doric, and returns to the state of water. Count Rum- 
ird makes great use of this principle in many of his 
PC-places : Ws grand maxim is to avoid all unnecessary 
aste of caloric, for which pu impose he confines the 
eat in such a manner, that in)t a particle of it shall un- 
ecessarily escape ; and while he economises the free 
giloricy he takes care also to turn the latent heat to adv- 
antage. It is thus that he is enabled to produce a de- 
ree of heat superioi- to that which is obtained in com- 
ion firo-places, though he employs but half the quan- 
Cyof fuel. 

Mmily, When the advantages of such contrivances 
re so clear and plain, I cannot understand why they 
re not universally used. 

J\Irs. B, A long time is always required before in- 
ovations, however useful, can be reconciled with the 
rejudiccs of the vulgar. 

Mmily. What a pity it is that there should be a 
reiudice against new inventions ; how much more 
apidly the >vorld would improve, if such useful dis- 
overies were immediately, and universally adopted ! 

Mrs, B, I believe, my dear, that there are as many 
ovelties attempted to he introduced, the adoption of 
rhich would be prejudiciid to society, as there are of 
tiose which would be beneficial to it. The wellsinform- 
d, though by no means exempt from error, have an 
nquestionaljtle advantage over the illiterate, in jud^ng 
rhat is likely or not to prove serviceable j and therefore 
^e find the former more ready to adopt such discover 
iesaspromiaeto bereally- advantageous) dban ^(h&la9^ 
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ler, who, having no oilier test of the value of a nofeStf 
'iiue and eKpeiience, at first oppose its iotrotlvfr' 
The well informed are, however, frequently iSl- 
appointed iti their most aanguiiie expectations, and tk 
prejudices of the vulgar though ttiey often retard ^ 
progress of knowledge, yet hometimcs, it must be al 
mitled, prevent the propagatjon of error. — But went 
"sviatiug from our subject. We have converted BtMa 
Bto water, and are now to change water into ice, inuv 
er to render the latent heat Gciisibl^^ as it escape) 
rom the water on Its becoming solid. For this pw" 
— we must pr-oduce a dcgi-ee of cold that willnukt 

Cor'jUnc. That must be very difficult to accompSii 
n tliis warm room. 

Mrs. B. Not so much-so as you think. There W 
ceriaiu chemical mixtures which produce a rapid chaBp 
jrom the solid lo the fluid stale, or the reverse, in tf| 
"ibstances combined, in consequence of which chaugf 
heat is eitlier estricaied or absorbed. 
£ml[y. I do not quite undcrsiand you. 
Mrs. B, This snow and salt, which you sec W 
mix together, arc nieliing rapidly ; heat, iherefort 
be absorbed by the mixture, and cold produced 

1 Caroline. It feel* even coldor than ice, and yet tb 
ow is melted. This is very extraordinary. 
Mrs. B. The cause of the intense cold of theiTii& 
be attributed to the change from a solid tot 
uid state. The union of the snow and salt produces* 
new arrangement of their paiticles, in consequence rf 
wliich they become liquid, and ihe quantity of caloiw 
Inquired lo effijct this change is seized upon by l6( 
mixture wherever it can be obtained. This eageiiiea 
of the mixture for caloric, during its liquefaction, H 
such, that it converts part of its own free caloric iiW 
latent heat, and it is thus that its temperature is loweretl 
Emily. Whatever ^ou put into this mixture ihertr 
lore, would freeze ? 

Mrs. B. Ves ; at least any fluid that is suscepdbfe 
'jf freezing at that temperature; for the exchanged 
- .idient heat w«uld always be in litvDur of the cold mis' 
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. iindl an cquU'ibvium of lemperaturc was estaljl 

: therefore unless the body immersed contai 

t Tree caloric thainvould liccome latent Litliemi»^ 

(luringitsconversion into a liquid, the former must 

iruLLtely give out its latent heat till it cools donu to 

icinperutiire of the latter. I have prepared thi< 

. ^ lire of salt and snow for the purpose of freeing the 

■ -r from wliicl] j-ou are dcjarousnf seeing the lalciu 

ii escape, I have put a tiienuometer in the glass of 

o\ r thul is to be frozen, in order liiat j'ou may ob- 

. I V 1- how it cools-. 

C'liroSne. The thermometer deceiids) but the h( 
--\', hifh the water js now losing, is ksfree, not its iatt 
Ileal ? 

Mrs. B. Certainly ; it does not pail with its latcat 
^eat till it changes its state and is converted into ifie. 

Eniily. But licre is a veiy extraordinary circum- 
-stattce \ The tliermometer is fallen below the frceang 
point, and yet the water.Js not frozen. 

Airti. B. That is always the case previous to the 
ficczing of water when it is in a state of rest. Now it 
hi.gins lo congeal, and you may observe that the ther- 
TTiumeter again rises to the freeing point. 

CaraSne. It appears to me very strange that the 
thermometer should rise the very moment that the 
-ter freezes ; for it seems to imply that the water 
colder before it froze than when in the act of freezing.! 

Wr«, B. It is so ; and after our long (Bssertalion 
this cii-ciimstance, I did not think that 11 \voiild appi 
so surprising to yo>i. Reflect a little, and I think you 
will discover the rc;i5on of jt. 

Caroline. It must be, no doubt, the extrication of 
lutenl bent, at the instant the water freezes, that raises 
thelemperalure. 

Mrs. P. Certainly ; and if you now examine the 
thermometer, you will find that its rise was but tempo- 
rary, and iasteil only during the disengagement of the 
latent heat ; ■ it has ancc fallen and will continue to fall 
^ \i\c ice and mixture aie of an c(juli1 temperature. 
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Entiiy. And can you show us any experimenb fc 
%vhich liquids, by being mixedy become solid, andli! fe 
engage latent heat ? . tfi 

Alr8. B, I could show you several ; but you ucirt 
yet sufficiently advanced to understand them welL I 
shall, however, try one which will afford you a atnkii||( 
instance of the fdct. The fluid which you see id to 
phiul consists of a quantity of a certaip salt called inidt 
oflime^ dissolved in water. Now if I pour jnto ita 
drops of this other fluid, cajled sidfihuric odd, the 
or very nearly the whole, will be instantaneoualj 
verted into a solid mass. 

Emily. How white it turns ! I feel the latent 
escaping, for the bottle is warm^ and the fluid is chnf 
ed to a solid white substance like chalk ! 

Caroline. This is indeed the most curious expo^-. 
ment we have seen yet. But pray what is that wluteiir | ^ 
pour that ascends from the mixture ? 

Mrs. B, You are not yet enougli of a cbenisttt 
understand that. But take care, Caroline, donottfr 
proach too near it, for it smells /extremely strong. 

The mixture of spirit of wine and water afforil 
another striking example of the extrication of literi 
beat. The particles of these liquids, by penetratkl 
each other, change their arrangement, soastobeooDi 
more dense, and (if I may use the expression), kA 
fluid, in consequence of which they part with a qusnii' 
ty of latent heat. 

Sulphuric acid and water produce the same cffaj. ; 
and even in a much greater degree. We shall try boA ^ 
these experiments, and you will feel how much bat 
which was in a latent state, is set at liberty .iw-Now eacfc 
of you take hold of one of these glasse s - 

Caroline, I cannot hold mine ; I am sure it is as hot 
as boiling water. 

Mrs, B. Your glass, which contains the sulphunc 
acid and water, is indeed, of as high a temperature tf 
boiling water ; but you do not find yours so hot, Emily J 

Emily. Not quite. But why are not these liqtuds 
ronvertcd into solids by the extrication of their latent 
heat ? 
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I a portion ^^^^^1 
a dimii)utii^^^^H 

quid as thej^^^H 



Mrs. B. Because they part only witli a 
■ -:,>.t heat, and therefore they suffer only : 
4 '.lieir liquidity. 

E'liily. Yet they appear as. perfectly liquid as they 
iij before they were mixed. 

^frs. B. They are however considerably conden- 
L^d. I shall repeat the espeiiment in a graduated 
-»be, and yon will see that the two liquids, when mix- 
^3, occupy less space than they tUd septarately. Tliis 
-»be is graduated by cuhit inches, and Uiis litile itiea- 
k-«re contains esactly otic cubit inch ; therefore, if I 
Xl it twice, and pour its contents into tlie tube, thei 
Kaould fill it up to the second mark. 

Oiroline, And so they do exactly. _ 

Mrs. B. Because 1 put two measures of the same 
I. quid into the tube ; but we shall now trj- it with one of 
w-ater anil one of sulphuiic acid ; observe the diiFer- 

£jiuly. The two ineaaui'es, this time, evident. 
OiKe up teas space, though the fluid docs not appear' 
kave suffered any change in its liquidity. 

Mra. B. The two liquids, however, have undergone 
ome degree of condensation from the new arrange- 
Tient of their particles ; they have penetrated each 
kther, so as to form a closer substance, and have thus, 
La it were, squeezed out a poition of theh' latent heat. 
But this change of state isceitainly much less striking, 
XnA less complete, tlian when liquids arc converted 
;Iito solids. 

The slakeing of lime is another curious instance of 
^e extrication of latent heat. Have you never obser* 
ved.how quick-lime smokes when water is poured upon 
itj and how much heat it produces? 

CaroSiie. Yes ; but 1 do not understand what change 
ot state takes place in the lime that occa»ons its giving 
out latent heat ; for the quick-lime, which is solid, is 
[if I recollect right) reduced lo powder by this opera- 
tiorif and' is thei'efore rather expanded than condensed. 

Mra. B. It is from the water, not the lime, that 
tlie latent heat is set free. The water incorporati 
ivith, and becomes solid in the lime ; in conseqiici 
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of which the heat, which kept it in a liquid Btal 
disengaged and escapes into a sensible form. 

Caroline, I always thought that.the heat ori^ 
in the lime. It 'seems very strange that water 
cold water too, should contam so much heat. 

Emily. After this extricadon of caloric, the " 
must exist in a state of ice in the Ume, since it 
with the heat which kept it liquid ? 

Mra, B. It cannot properly be called ice, jsis 
implies a degree of cold, at least equal to the in 
point. Yet as water, in combining with lime, 
out more heat than in freezing, it must be 
state of still greater solidity in the lime, than it b 
form of ice ; and you may have observed that il 
not moisten or liquefy the lime in the;, smallest d< 

Emily. But, Mrs. B. the smoke that rises is ^ 
if it was only pure caloric which escaped, we 
feel, but could not see it. 

Mrs, B, This white vapour is formed by s< 
^the particles of lime, in a ''tate of fine dust, 
are carried off by the caloric. 

Emily, In all changes of state, then, a body 
absorbs or disengages latent heat ? 

Mra, B. You cannot exactly say absorbs latei 

as the heat becomes latent only on being confi: 

the body ; but you may say that bodies, in passini 

a solid to a liquid form, or from the liquid state 

of vapour, absorbs heat ; and that when the i 

takes place heat is disengaged.* We have see 

wise, that a body may part with some of its late 

without completely changing its form, as was tl 

with the mixtures of sulphuric acid and wat 

spirit of wine and water ; but here you must c 

that the condensation which forq^s out a poi 

their latent heat, is occasioned by a new arran 

of the particles, produced by mixing the liquid 

therefore undergo a change of state, though : 

sensible difference takes place in their fonii. 

* This rule, if not universal, admits of very few tjxk 
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' Caroline. All solid bodies, I suppose, mint 
parted with the whole of their latent heat ? 

Mrs. B, We cannot precisely say that ; for 
bodies are moat of thein susceptible of being brouL 
to different degrees of density, during which opera- 
tion a quantity of heut is disengaged ; as it happens iii 
the hammeiing of metals, the boring of cannon, s: 
in general whenever bodies are exposed to considci 
ble friction or violent pressure. 

It has been much disputed, however, to what m< 
fication of heat caloric thus extricated belongs, thoi _ 
in general it has been considered as latent heat ; but it 
doea not seem strictl)' entitled to that name, as its ex- 
trication produces no other change in tlie body than an 
increase of density, 

Emily. And may not the same objection be made 
to the heat extricated from the mixture s we have just 
witnessed ? for the only alteration that is produced by 
it is a greater density. 

AIr>. B. But I obscwed to you, that the density was 
produced by anew aiTangement of the panicles, owing 
to the mixing of two different substances ; tiiis cannot 
be the case, when heat is extricated from solid bodies 
by mere mechanical force, such as hammering me- 
tals ; no foreign pailicles are intraduced, and ex* 
cept a closer tinion, no change of arrangement can 
take place. The caloric, thus extricated, seems there- 
fore to have a still more dubious title to the modification 
o£ latent heat, than that produced by mixtures. I know 
no other way of settling tliis difficulty timn by 
them both heat of capacity, a title to which w 
agreed that specific heat, and latent heat, have an eqt 
claim. 

£imiy. We can new, I think, account for the etl 
bmling, and the water freezing in vacuo, sithc 
tetnperature, 

Mra. B. Let me hear how you explain it ? 

Emily. The latent heat, which ihc water gave out 
in freezing, was iramedi-itely absorbed by the ether, 
4qriag its convei^ion into vapour } and therefore, fi-om 
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Mri. B. But this only partly a 
perimenl; it remains to be explained why the 
raltiie of the ether, while iu a state of ebuU 
brought down to iJie fi-eezjng temperature of thi 
It is because the ether, during its evaporalioni 
its own temperature, in the same praportion as 
the water, by converting its free caloric into late 
GOthut, though one liquid boils, and the other 
their temperatures remain in astate of etjuilibr 

Having advanced so far on the subject of 
may now give you an account of tlie calortmetei 
Btruraenl invented by Lavoisier, upon the pr 
jnst explained, for the purpose of estimating I 
cific heat of bodies. It consists of a, vessel, tl 
surface of which is lined with ke, ao as to fori 
of hollow globe of ite, in the midst of which tl 
whose speciiic heat is to be uscertained, is place 
ice absorbs culoric from this body, till it has ' 
it down to the freeung point : this caloric com 
to water a certain portion of the ice which r 
through an aperture at, the bottom of the mi 
and the qnantily of ice changed to water is a 
the quantity of caloric which the body has g^ 
in descending from a certain temperature to tli 
Ing jwint. 

Caroline. In tliis apparatus, I suppose) thi 
chalk, and lead, would melt different quantities 
in proportion to their different capacities Sot calc 

J\fra. B. Certainly ; and thence we are abli 
certain, with precision, their respective capac: 
heat. But the calorimeter affords iis no mo 
of the absolute quantity of beat contained in i 
than the thermometer ; for though by means e 
extricate both the free and confined caloric , yet 
tricute them only to u certain degree, which 
freezing point : and we know not how niuch th 
tain of eithei' below that point. 

£itii!y. According to this theory of latent 
i^pearslo me the weather should be warm i 




( 63 ) 

freezes, and cold in a thaw : fbr latent lieat is liberateil 
from every substance Ihat fi'eezes, and such alarna 
supply of heat must warm the atmosphere ; wliiisl, 
dui'in^ a thaw, [hat very quantity of free heal miisi be 
Ulien fi-om the atmosphere, and return to a latent stale 
in the bodies wliich it thaws. 

Mrs. B. Your obsenation is very natural ; but con- 
sider, that in a frost the atmosphere Is so much colder 
than the earth, thai all the caloiic which it takes rrom 
the freezing bodies is insufficient to niise its tenipera> 
tui^ above the freeing point ; otherwise the frost must 
C«sisc, But if the quantity of latent heat encricated 
docii not destroy the frost, St serves to moderate the 
Ulddenness of the changeof temperature of the atmos- 
phere, at the coinn)eiiceinent both of a frost, and of a 
thMw. Jn the first instani:c, its extrication diminishes 
the severity of the cold ; and, in the latter, its absorp> 
tlon moderates the warmth occasioned by a thaw : it 
even sometimes produces a discernible chill, at the 
breaking up of a frost. 

Caroline. But what are the general causes that pro. 
duce those sudden changes in tlie weather, especijlly 
from hot to cold, which we often esperience '. 
_ Mrs. B, This question would Ipad us into meteoro- 
logical discussions, to which I am by no msans com- 
petent. One circumstance, houever, we can easily un- 
derstand. ■\Vben the air has passed over cold coun- 
tries, it will probably ari'ive here, at a temperature mucli 
below our own, and then it must absorb beut from every 
oljject it meets with wliich will produce a general fill 
of temperature. 

But I think we have now sufiidently dwelt on the 
subject of latent heat ; we may therelbre proceed to 
the* last modification, which is chi'-micai, heat. In 
this stale we consider caloric as one of the constituent 
parts of bodies. Like any other substance, it is sub. 
tect to the attraction of composition, and is thus capa- 
ble of being chemically combined. 

Eniily. In this case, then, it neither affects the ther- 
roometer, nor Uie culorimeler, since principles unjtqil 
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by the attraction of composition can be separated oDlf 
by the decom position of a body. 

Mr9. B, You are perfectly right. We may consdi 
er free caloric as moving constantly through the inte- 
grant particles of a body ; s/iedfic and ktient heat^ n 
lodging between them, and being there detained by a 
mere mechanical union ; but it is chemical hegt akoe 
that actually combinea^ in consequence of a true chemii 
cal affinity, with the constituent particles of bodies; 
and this union cannot be dissolved without a decompofr 
tion produced by superior attractions. 

Caroline, But if this kind of heat is so perfectly coih 
cealed in the body, pray how is it known to exist ? 

Mrs, B, By being freed from its imprisonment ; fcf 
when the body in which it exists is decomp>osed, it then 
returns to the state of free caloric, This caloric, hcwri 
ever, seldom shews itself entirely, as part of it gcnci 
rally enters into new combinations with some m the 
constituent parts of the decomposed body, and is thai 
again concealed under the form of latent heat. 

But it will be better to defer saying any thing further 
of this modification of heat at present. When tw 
come to analyse compound bodies, and resolve them iiH 
to their constiuent parts, we shall have many opportih 
nities of becoming better acquainted with it. 

Caroline, Caloric appears to me a most wonderfbl 
element : but I cannot reconcile myself to the idea of 
its being a substance ; for it seems to be constantly act< 
ing in opposition, both to the attraction of aggregatioo 
and the laws of gravity ; and yet you decidedly class h 
amongst the simple bodies. 

Mrs, B, You are not at all singular in the doubta 
you entertain, my dear, on this point; for although cn^ 
loric is now generally believed to be a real substance, 
yet there are certainly some strong circumstances 
which seem to militate against this doctrine. 

Caroline. But do t/ow, Mrs. B, believe it to b^ a sub- 
stance ? 

Mrs, B, Yes, I do : but I am inclined to think, 
that its levity is^ in all proliability, only relative? UkQ 
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f vapouf which ascends througli the heavier n 

hifiw. If that be the case, it would not asceli 

In an absolute vacuum, perhaps, it would 
the most complete vacuum we can obtain 
;r perfect, we may alwuys imagine the existence 
.e unkno^m inviable fluid, which however hght 
and Kiibtile, may be heavier than caloric, and will grav- 
itate in it. The Fuct has not, 1 believe, been yet de- 
termined by very decisive esperimenta ; but il appears 
from some made by Pi-ofcssor Pictet, mentioned in 
his ' Essay on Fire," that heat has a tendency lo as- 
cend in tlie most complete vacuum which we arc able 
to obtain. 

Emittj. But if there exists such a subtle fluid as you 
imagine, do you not think that chemists wo\ild have 
discovered ic by some of its properties ! 

Mr». B. It has been conjectured that light might 
be such a fluid ; but I confess that I do not think it prob- 
able : for as it appears by Dr. Herschell's esperimcnt 
thcit heat is less rcfrangilile than light, I should be 
r&ther inclined to think it the heavier of the two. But, 
while you have so many well ascertained facts to learn, 
I shall not pcrplcs you with conjectures. We have 
dwelt on the subject of caloric much longer than I in- 
tended, and I fear you will And it difScult to remember 
so long a lesson. At our next meeting we shall examine 
the nature of oxygen and nitrogen, two substances w'"" 
which you niiist now be made acquainted. 
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Caroline, I thought you said that we were to team 
the nature of oxygen and nitrogek, which cam 
next in our table of sii^iple bpdi^a ? 

Mrs. B, And so you shall : the atmosphere is coiih 
posed of these two. principles ;. we sh^l therdoR 
analyse it^ and consider its con^ponent parts, sep^jvldf, 

Emily. I always thought that the atmosphere W 
been a very complicated finidf compo^d of allthQ 
variety of exhalations from the earthy 

Mrs. B. In a general point of view, it mny be ait 
to consist of all the substances capable oS exisdngi i) 
an aciiform state> at the common temperature of ov 
globe. But, laying aside these heterogenous ard k« 
cidental substances (which rather float in the atmost 
phere than form any of its component parts), it con? 
sists of an elastic fluid called atmospherical ai*» 
which is composed of two gasses, known by the name* 

of OXYGEN GAS and NtTBO.G£N Or AZOTIC G^S.. 

Emily. Pray what is a gas ? 

Mrs. B. The name of gas is given to any aeriform 
fluid, which consists of some substances chemicall][ 
combined with caloric, and capable of existing cont 
stantly in an aerifonn state, under the pressure, andat 
the temperature of the atmosphere. Every individinl 
gas is therefore composed of two parts ; 1st, the par* 
ticular substance that is converted into a gas, by calor^ 
ic ; this is called the basis of the gas, as it is from it 
that the gas derives all its specilic and. characterisdc 
properties : and 2dly, the caloric, which, by its chemn 
ical combination with the basis, constitutes it. a gas, ojr 
permanently elastic fluid. 

Emily. When you speak then of the simple sub^ 
stances, oxygen and nitrogen, you mean to express, 
those substances which are the basis of the two gasses, 
independently of caloric ? 

Mrs. B. Ye^Sj in strict propriety \, and they should 
be called gasses, only when brought, by their combi«» 
nation with caloric, to an aeriform state. 

Caroline. Is not water, or any other substarce, when 
cvapor^ed by heat, called also a gas ? 
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^frg. S. No, my dear ; vapour is, imieed, an clas- 
tic fluid, and bears so strong a resemblance lo a gasj 
lliat lliere is some danger of confounding ihem ; there 
arc however, several points in wliich they essentially 
(Jiffer, and by which you may always distinguish them. 
Vapour is nothing more than the solutioo, or me< 
- ' I anicai division, of any substance whatever in calonc. 
■ I." caloric, in this caact, becomes /o/(-n( in the vapour i 
t its uiiiou with ii is very slight, and as we have seen. 
. :i variety of instances, it is necessary only to lower 
■ lemperature in order to separate them. But, to. 
:n a gas otfitrmanenlly elastic fluid, a chemical Cora- 
, lion must take place between the calorie and the 
'MDce, at the lime of its being converted into a gasc- 
. state ; it is necessary therefore, that there should 
,^ri affinity between them, and hence their combinc-- 
r cannot be destroyed by a mere change of tempera-. 
: ■-, or by any chemical agents, except such as have 
.1 stronger affinity, for either of the constituenis of the 
gjs, and by that means effect its decomposition. 

Camline. Indeed, B ought not to have forgotten ihst 
caloric, in vapour, Is only laUnt, and not chemically 
combined. But pray, Mrs. B. what kinds of sub- 
stances are oxj-gen and nkrogea, when iwlb a gaseous 
Rale I 

Mrs. B. We have never been able to obtain these 
substances ill liicir pure simple state, because we can- 
not separate ihem entirely either from caloric or frotn 
(he other bodies with which we find tlieni uuiled ; it is 
therefoi-e ooly by their effects in combining with other 
substances that we are acquainted with them 

Caroline. iia\y inueh inore satislaclory it would be 
if we could see them ! 

Ew'hi. In what proportions are they conobine* 
the atmosphere ? 

Mri. B. The oxygen gas constitutes about t 

fbuith, and the nitrogen gas three-fourths. When 
separated, they are found to possess qiudities totally 
diflereni frani i-ach othei-. Pure oxygen gas is essen- 
tial both to resfirdUon and combustion, while neither a" 
theic proce;se5 can te pertbrnied in ninogen gas. 
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K Mrs. B. Yes ; and tbe heat and light are producH 

"y the caloric of tlie oxygen gas, which being set at 

liberty by the oxygen uniting with the wood, appean 

in its sensible fonn. 

Caroline. You astonish me ! la it possible that llie 
heat of a burning body should be produced by the at- 
mosphere, and not by the body itself. 

Mra. B. It is not precissly ascertained whether »nj 
portion of the caloric is funiished by the combu&oblc 
body ; but there is no d-jubt that by far the most cod> 
flidei-ablo part of it is disengaged from the oxygen ga^ 
when its basis combines with the combustible body. 

Endly. I have not yet metwith any thing in chcnv 
istry that has surprised or delighted me so much as this 
explanation of combustion, I was at first wonderioE 
what connection there could be between the afiinity of 
a body for oxygen and its combustibility ; but I think 1 
understand it now perfectly, 

Mrs. B. Combustion then, yoti see, is nothing more 
than the rapid absorption of the basis of oxygen gas, I17 
a combustible body, attended by the discTigagemctaw 
the light and heat, which were combined with the 0* 
ygen when in its gaseous state, 

Btnily. But are there no combustible bodies whm 
attraction for oxyjien is so sli'ong, that they will chfef- 
come the resistance of the atlraction of aggregaliffll, 
without the application of heat ? 

Caroline, That cannot he ; otherwise wc should sef 
bodies burning spontaneously. 

Mn. B. This indeed, sometimes happens, (ami 
for the very reason which Emily assigns), as 1 stutt 
show you at some future tjnie. But iu general, all ft* 
combustions that could occur spontaneously, at the t«k 
perature of the atmosphere, have already taken plicai 
therefore new combustions cannot happen without raif- 
ing the temperature of ttie body. Some bodlHi 
liowever, will burn at a much lower temperature lluui 

Mmily. The elevadon of temperature, required IB 
make a body burn, mus* 1 suppose depend «ndldf ' 
4Jpon the forte of aggregation to be overcome ' 
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That is one point ; but you rtm 
Ptct] that there must be a stronger afiinit 
idy and oxygen, than between the latle 
e ; otherwise the oxygen wili not (|uit its 
:o combine with the body. It is this At 
Affinity (iir oxygen that constitutes a combustible body. 
The earths and alkalies have no such affinity for oxy- 
gen, and are therefore incombusiiblc. But in order 
tla make a combustible body bum, you see that it is 
accessary to give the first impulse to combustion by 
the approach of a Iiol or burning botly, from which it 
muy obtain a suQicieDt cjusnlity of caloric to ruise its 
temperature, 

Caroline. But the common way of burning a body 
h not merely lo approach it to one already on (ire, b 
father to put the one in actual contact with the ot'" 
as when 1 bum this piece of paper by holding it ii 
fiame of the Gre. 

Mra. B. The closer it is in contact with the 
of caloric, the sooner will its temperature be raised to 
the degree necessary for it to burn. If you hold it 
near the Sre, the same effect will be produced ; but 
more time will be required, as you found to he t' 
case with the piece of stick. 

£mily. But why is It not necessary lo continue «_ 
plying caloric throughout the process of conibustiM^ 
m order to prevent the attraction of aggregation from 
recovering its ground and impeding the absolution of 
the oxygen ? 

Mfi. B. The caloiic, whicli is gradually disengag- 
ed, by the decomposition of tlie oxygen gas, during 
combustion, keeps up the temperature of the burning 
body ; so that when once combustion has begun, no 
further application of caloric is required, 

Caroline. Since I have learnt iliis wonderful theory 
of combiisUon, I cannot take my eyes irom tlie fire ; 
and I can scarcely conceive that the heat and light which 
1 always supposed to proceed from the coals, are really 
producedbytbe atmosphere, and that the coals Si-e on- 
ly the instruments by which the decomposition of tlie 
oxygen gas is effected. 
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CaroUne, But ^nce nitrogen gas is unfit for respira- 
tion, how docs it happen that the three fourths of thii 
gas, which enter into the composition of the atmof 
phere, are not a great impediment to breathing ? 

Mrs, B. We should breath more freely than our 
lungs could bear, if we rcspiired oxygen gas alone. 
The nitrogen is no impediment either to respiration 
or cumbustion ; it appears to be merely passive in 
those functions ; but it serves as it were, to dilute and 
weaken the oxygen which we breathe, as you wouU 
weaken the wine that you drink, by (fluting it wiA 
water. 

Eniily. And by what means can the two gasseSy 
which compose the atmospheric air, be separated ? 

Mrs, B, There are many ways of analydng the 
atmosphere ; the two gasses can be separated first bf 
combustion. 

Eimly, How is it possible that combustion shooU 
separate them ? 

Mrs, B. I must first tell you, that all bodies, ex- 
cepting the earths and alkalies, have so strong an affin- 
ity for oxygen, that they will, in certain circumstances, 
attract and absorb it from the atmosphere ; ^n this caie 
the nitrogen gas remains alone, and we thus obtain it ia 
its simple gaseous state. 

Caroline, I do not understand how a gas can be ab- 
sorbed ? 

Mrs, B. The g-as is not absorbed, but decomposed^ 
and it is oxygen only, that is to say, the basis of the 
gas, which is absorbed. 

Caroline, What then becomes of the caloric of the 
oxygen gas, when it is deprived of its basis ? 

Mrs, B, We shall malj^e this piece of dry wood ab- 
sorb oxygen from the atmosphere, and you will see 
what becomes of the caloric. 

Caroline, You are joking, Mrs. B. you do not mean 
to decompose the atmosphere \vith a piece of stick ? 

Mrs, B, Not the whole body of the atmosphere, 
certainly ; but if wc can make this stick absoH) any 
quantity of oxygen from it, will not a propoitional quai^ 
tity of atmospherical air be decomposed \ 
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CaroHrte. tin double ttly ; but if wood has so strong 
8J1 affinity for oxygen, as to attract it fram the caloric 
■with which it is combined in the atmosphere, why does 
it not decompose the atmosphere spontaneously ? 

Jifi-a. B. Because the attraction of aggregation of 
the particles of the wood, is an obstacle to their combi- 
nadon with the oxygen : for you know that the oxyj 
will Bt penetrate tliewood in order to combine with 
paitjcles, and forcibly separate ihem in direct op] 
tion to the attraction of aggregation. 

Kmily. Just as caloric penetrates bodies ? 

Airs. B. Yes > but caloric being a much mo 
tile fluiil than oxj'genj can penetrate substances 

Caroline. But if the attraction of cohesion betwecri 
the paititles of a body, counteracts ils affinity for oxy- 
Een, I do not see how that body can decompose the 
attnoaphcrc ^ 

Mrs. B. That is now the difficulty which we have 
to remove with regard to the piece of wood. — Can you 
think of no method of diminishing the attraction of co- 
hesion ? 

Caroline. Heating the wood, I should think, mi] 
amswer the purpose ; for the caloric would separate 
Pftrticies, and make room for the oxygen, 

Mrs. B. Well, we shall try your method ; hold the 
Slick close to the fire — closer still, that it may imbibe 
the caloric plentiliilly ; otherwise the attraction of cohe* 
sion between its particles will not be sufficiently over* 

Carofine. It has actually taken fire, and yet I did 
not let it touch the co;ils ; but 1 held it so very close, 
lliat I suppose it caught fire merely from the ii 
of llie heat. 

Mrs. B. Or you might say, in other words, i 
Oie heat so far overcame the attraction of cohedooj 
the wood, that it was enabled to absorb oxygen \ 
vapidly from the atmosphere. 

Minilu. Docs the wood absorb oxj'gen wlulc it^ 
liu iiiiis ? 
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leous state ; it is a consiitueni part of 

( bodies, both solid and liquid, in which it 

bucb denser state than in the atmosphere ; 

Ibese bodies it may be ubtained without any disengagt 

Ipent of caloric. It may likewise, in some cases, te 

^'Absorbed from the atmosphere without any eetiiibil 

production of light and heat ; for if the process k 

slow, the cdlorii: is disengaged in small qiiantides, anl 

so gradually, that it is not capable of producing either 

B<^ht or beat. In this case, the absorption of otj^ 

■ib-called oj[:ygenati(ni or oxijda'mn, instead of combvtWi\ 

^^Bthe disengagement of sensible light and heat is »■ 

^^ential to the latter. 

Emily. I wonder that metals can unite with oxygeo; 
fcr, as they are very dense, tlieir attraction of aggK* 
gation roust be very great, and I shoidd have thougb 
tliat oxygen could never have penetrated such bo^es. 

Mrs. B. Their strong attraction for oxygen com- 
terbalances this obstacle. Most metals, however, re 
quire to be made red hot before they are capable of Vr 
trading oxygen in any considerable quantity. By tliis 
process they lose most of their metallic propeplieh 
and fall into a kind of powder, formerly called calx, bnl 
now much more properly termed an oxyd ; thus we 
have 0J7!/rf of lead, oxi/d of iron, Uc. 

Caroline, The word oxyd, then, simply meam t 
metal combined with oxygen ! 

Mrs. B. Yes ; but the term is not confined to me 

^Utols, though chiefly applied to them. Any body whet- 

^wrer, that has combined with a certain quantity of OTf 

^njen, either by means of oxydation or combusiioni a 

^ &lled an oxydf and is said to be oxydated or oxygenc^- 

This black powder is an oxyd of manganese, a mettl 

which has so strong an attraction for oxygen, that it 

absorbs that substance from the atmosphere atsiiy 

"■"" Q temperature : it is therefore never found inits 

lie form, but always in that of an oxyd, in which' 

you see, it has very little of the appearance of a 

BBelal. It is now heavier than it was before oxydalioD, 

■ consequence of the additional weight of the oxygen 

■rith which it has combined. 
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aroUne. I am very glad to hear that ; for Iconfeai 

uld not help having some doubts whether oxygen - 

really a substnncc, as it is nut to be obtained iii A i 

)le and palpable state : but Us weight Is, 1 thinkt 1 

cisive proof of its being really a body, 

Trt. B. It is easy to estimate its weight, by aepar. 

> it from the manganese, and finding how much ; 

utter has lost. 

'vmly. But if you can take the oxygen fiom the I 

il, shall we not then have it in its palpable simple 

fra, B. No ; for I can only separate the oxygen 
I the manganese, by presenting to it some other 
'' for whicli it has a gi-eater affinity ilian for the 
iganese. Caloi'ic possesses such a superior affinity 
oxygen, provided the temperature of the metal 
sufficiently raised ; if, therefore, I heat this oxyd 
aanganese to a certain degree, the caloric will com- 
! with the oxygen, and carry it off in the form of 

',mly. But you saic! just now, that manganese 
Id attract oxygen from the atmosphere in which 
i combined with caloric ; how, therefore, can the 
gen have a superior affinity for caloric, since it 
idons the latter to combine with the manganese ? 
ifr«. B. I give you credit for this objection, Emily ; 
the only answer I can niakc to it is~, that the mutU' 
Snides of metala for oxygen and of oxygen for ca- 
:, vary at different tempei'atures ; a certain dugree 
leat will, therefore, dispose a metal to combine 
1 oxygen, whilst on the contrary, the former will 
:ompelled lo part with the latter when the tcmpera- 
i is further increased. I have put some oxyd of 
Iganese into a retoil, which is an earthen vessel witli J 
ml neck, such as you see here (Plate V. Mg. 8.J>a 

Plate V. 1 

g. 7. Combuillon of a caper under a receiver. Fig- S. A rs> 
oD a ttand. Fig. 9- A furnacR. B. Earthen rclort In tha 
ice. C. wiler bath. D. Receiver. E E Tube conveying 
^s frum the retort through the water into tlieie«W«. 'B. 
. Shelf perfumed on which the reccivM rtw.4», Vvj- ^ 
bvaina of iron wilt ia oxygen gak 
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—The retort containing the manganeae you cinneil m, 
as I have encloseil it in this furnace, where Ham 
red hot. But iii order to make you sensible of tJK » { 
cape of the gas, which is itself invisible, I bateM | 
nccted the nock of the retort with this hem tube, 4t | 
extremity of which h immersed in this ressel of mh 
(ThieV. /Js'. 9.>^Do you see the bubbles of arm 
through the water ? 

Caroline, Perfectly, This, Uien is pure OXJpt j 
gas ; what a pity it should be lost '. Could you nM|n | 
•crve it i 

Mr: B. We shall collect it in this recdvEf,-J5l 
this purpose, you observe, 1 first till it wiih waietiiD 
order to exclude the atmospherical air i andtbenpU" , 
il over the bubbles that issue from the retort, sou > 
make ihem rise through the water to the upper puiff 
the receiver. 

Ead(y. The t)ubhles of oxygeii gaq rise, I Hipp4 
fi-om their specific levity '. 

Mra. B. Yes ; for though oxygen forms i 
heavy gas, il is light compared to water. Yousublt 
it gradually displaces the waipr from the receiver. W 
now full of gas, and I may leave it Inverted br wxinc 
this shelf, where I can keep the gas as long as 1 chw 
for future experiments. This apparatus (which it >'' 
dispensable in all experiments in which gasscsareti'' 
cemed] is called a water^bath, 

Carolinf. It is a very clever contrivance, inWl 
il is equally simple and useful. How convenieDl Ai 
shelf is for the receiver to reel upon under wattr, txi 
the holes in it for the gas to pass into the receiver- 1 
long to make some cxpeiiments with this apparttUI. 

Mr: B. I shall try yonr skill that way, when f» 
have a little more experience. I am now going M 
show you an experiment, which prqvea, in avery^ft> 
ing manner, how essential oxygen is to combustid 
Vou will see that iron itself will bum in this gas, intM 
most rapid and brilliant manner. 

£mly. Really 1 I did npt know that it was pu^ 
to burn iron. 

Afr*. B. Iron is eminently conibusiilDlc in pure o^ 
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gen gas, and wliat will surprise j'ou still more, it can 
"•)<; set onfirewillioul any very great rise of temperature. 
"\"ou see tliis spiral iron wire — I fasten il at one end to 
tiiis cork, which is made to fit an opening at the lop of 
TliK glass receiver (Plate V. Fig. \Q.)-~ 

Emily. I see the opening in the I'cceiver ; but il is 
«L"^rcfully closed by a. gi-ound glass stopper. 

Mr». B. That is in order to prevent Ihe gas from 
escaping i but I shall take out the stopper, and put in 
the cork, to which the wire hangs.^Now 1 mean to 
"bum this wire in the oxygen gas, but I must fix a small 
■j>iece of lighted tinder to "the extremity of it, in order 
to g^ve the iirat impulse to combustion ; for however 
"jiowerful oxygen is in promoting combustien, you must 
■recollect that it cannot take place without a certain eleva- 
tion of temperature. I shall now introduce the wire 
into the receiver, by quickly changing the stoppers. 

Caroline. Is there no danger of the gas escaping 
"wliile you change the stoppers ! 

Mia, B. Oxygen gas is alillle heavier than atmns- 

filicrical air, therefore it will not mix with it very rapid- 
y ; and if 1 do not leave the opening uncovered we 
niiall not lose any ■■ — 

CtnvUne, Oh, what a briiliant and beautiful flame ! 

Umily. It is as white, and dazzling i 
Now a piece of Ihe melted wire drops to the bottt 
I fear it is extinguished j but no, it buries 
bi'ight as ever. 

Mr». B. It will bum till the wire is entirely con? 
sumed. provided the oxygen be nol first expended ; 
(or you know it can burn only while there is oxygen to 
combine with it. 

Caro&ne. 1 never saw a more beautiful light. My 
eyes can hardly bear it ! How astonishing to think that 
ail this caloric was contained in the small quaniily'of 
gas that was enclosed in the receiver ; and that, without 
producing any sensible heat ! 

Mra. B. The caloric of the oxygen gas could not 
produce any sensible heat before the combustion took 
place, because it was not inalree state. You can"*-" 
H 3 
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Jdn^B^ Toa areiMtt qinieooRtct|pjovrti9%Jl 
Mjmlbecalocicdwdeclymi; ftr caloiipiftinf|jy^2 
it ftfedt only the tcaie oC feefing ^ kipi« t[^ 16A 
which duskd jofu ^ 

Oirainr. True ; but fig^t and caloric ai^^m^ G» 
•Cant compamonsy tiiat k k diffipuk tp se^mraie tbca^ 
ereninidea. 

Afr#« J9. The easier it b toconfouBd them the BMif 
careful you should be m making the distinctioiw 

Caroi^. But why has the water oow riseni axMl fiD« 
ed ]mrt of the receiver ? 

^Mf$. B. Indeedy Carolin^> ! did not thiQk you y<hM 
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have asked such a question ! I 

Mmily. Let me reflect The oxyi 

has combined with the wive ; Uie caloric has escui 
consequently nothing i:an remain in the receiver, 
the water will rise to iill the vacuum. 

CaroUne. I wonder that I did not think of 
Irish that we had weighed the wire and the oxygen 
before conibustion ; we might then have ibund whi 
er the weight of the oxyd was equal to that of both. 

Mrt' B. Vou rnighl try the experiment if yon par- 
ticularly wished it ; but I can assure you, that, if ac- 
curately pci'formcti, it never fails to show that the 
diiional weight of Uie osyd is precisely equal to that irf 
the oxygen absorbed, whether the process has beei '' 
real cumbustion, or a simple oxygenation. 

Caroline. But this cannot be the case with co 
tions in general, for when any substance is l>umt 
common air, so tar from increasung in weight, it 
dently diminished, and sometimes entirely consumi 

J^Irs. B. But what do you mean by the 
eontumed ? You cannot suppose that the smallest parii^ 
cle of any substance in nature can be actuiilly destroy- 
ed. A compound body is decomposed by combustion ; 
BOme of its constituent parts fly off in a gaseous form, 
while others remain in a concrete state ; the former are 
called the volalUe^ the latter \i\ajixed firoducts of com- 
bustion. But if we collect the ivhole of them, we 
shall always find that they exceed the weight of the 
combustible body, by that of the oxygen which has 
combined with them duiing combustion, 

Emity. In the combustion of a coal fire, then, I sup- 
pose that the ashes are what would be called the fixed 
product \ and the smoke the volatile product ? 

Mr*. B. Yet when the fire bums best, and the quan- 
tity of volatile products should be the greatest, there is 
no smoke ; how can you account for that I 

Einiiy. Indeed I cannot ; therefore I suppose 
I was not right in my conjecture. 

Mre. B. Not quite : ashes as yon supposed, 
fixed product of combustion j but smoke, pro] 
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laking, is not one of the volatile products, as it con- 
minute iindecomposeil particles of tJieuili 
that are carried off by the colmic without being bunH 
and are either deposited in the fGrm of sooti Or dis- 
|>erse<l by the wind. Smoke therefore, ultimately be- 
— imes one of the^xcd products of coiiibuscion. JiM 

m may easily conceive that the stronger the fire is. 
_e less smoke it produces, because the icwcr particles 
'icape combustion. On this principle depends the in- 
vention of Argand's patent lamps ; a current of air 
is made to pass through the cylindrical wick of the 
lamp, by which means it is bo plcnlifuliy supplied nitfa 
exygcti, that not a particle of oil escapes combusdcm, 
nor is an atom of smoke produced. 

Enaly. BvK what then are the volatile products of 
combustion ! 

Mra. B Various new compounds, with wliich you 
are not ye( acquainted, and wliich being convertedby 
caloric, either into vapour, or gas, are in\'i^ble j but 
they can be collected, and we shall examine tbenii at 
some future period - 

Caroline. There are then Other gasscs, besides ti 
oxygen and nitrogen gasscs. 

Mr*. B. Yes, several: any substance that has i 
sufficient affinity for caloric to combine with it, andis- 
sume and maintain the foiTn of an elastic fluid at die 
temperature of the atmosphere, is capable of being con- 
verted into a gas. We shall examine the several gas- 
ses in their respective places ) but we must now con- 
fine our attention to iliose that compose the atmo^ere. 

I shall show you another method of decomposing the 
atmosphere, wliich is very simple. In breathing we 
retain a portion of the oxygen, and expire tiie nitrogen 
gas ; so that if we breathe in a closed vessel, for a cer- 
tain length of time, the air within it will be deprived oF 
its oxygen gas. Which of you will make the expeiv 

Caroline. I should be very glad to try it, 
Mrs. B. Very well ; breathe several times through 
this glass tube into the receiver with which it is cui- 
Liiecied, until you feel that your breath is cxliausted— 
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Ciinline. 1 am quite out of breath already ! 

Mrs. B. Now let us Iry the gas with a lightci) laper. 

Mnaty, It is Tery pure nitrogen gas, I'or the taper la 
immediately extinguish erf. 

Mrs. B, That ia not a proof of its being pura, but 
only of tlie absence of onygen, as it is that principle 
atone that can produce combustion, every other gas 
*-iig absolutely incapable of it, 

JSmily, In the methods which you have shown HS, 

r decomposing the atmosphere, the oxygen always 
ibandons the nitrogen ; but is thci'e no way of taking 
the nitrogen from the oxygeti, so as to obtain the latter 
pure from tlie atmosphere ? 

Mrs. B. You must obset^e, that whenever oxygen 
is (aken from the atmosphere) it is by decomposing the 
oxygen gas : we cannot do tlie same with the nitrogen 
gas, because nilrogen has a stronger affinity for caloric 
than for any other known principle : it appears imposi 
aibte therefore to separate it from the atmosphere by itiA 
power of affinities. But if we cannot obtain the oxygca 
gas by this means, in its separate state, we have no 
difiiculty (as you have seen) to proctn'e it in its gaseous 
form, by taking it from those substances that have ab- 
sorbed it from the atmosphere. This ts done by com- 
Uning the oxygcni at a liigh temperature, with calor* 
ic, as we did with the oxyd of manganese. 

Emily, Can atmospheiical air be recomposed, by 
mixing due proportions of oxygen and nitrogen gasses. 

ATr* I). Yes: if about one-fourth of oxygen gas be 
Hxcd with three-fouribs of nitrogen gas, atmosphere 

it air is produced. 

£.vrity. The air then must he an oxyd of nltivgen ? 
B. No, my dear ; for there must be a chcmi< 
cal combination between oxygen and nitrogen in order 
to produce an oxyd ; whilst in the atmosphere these two 
substances are separately combined \vith caloric, foran 
ing two distinct gasses, which are simply mixed in the 
formation of the atmosphere.* 

• Thii. at leitt, Memi to be the preTiiling opinion. Yet il 
luu becnquolioDcdbjiDmechemisU, parriculiHy of lite, whctli< 
le union of nijgen and Bitrogcn in the ftimosphere l>e niCff. 
chcBunl combintiion. ^"^ 
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I shall say nothing more of axjgea and 
sent as we shall rantinually have occa 
them in our rmure conversarions. They 
abundant in nature ; nitrogen is the nu 
the atmosphere, and exists alia in all a 
ces ; oxygen Tornis a constituent part, | 
and vegetable kingdoms, IVom which it 
ed by a variety of chemical means. Bti 
to conchide our lesson. I am afraid y 
more to day than you will be able to rea 

Caroline. 1 assure yoii that I have 
interested in it, ever to forget it ; ai for 
seems to be but little to remember alioi; 
a'very insignificant figure in comparisi 
although it composes a much larger po 
mosphcre. 

Mrs. B. It will not appear so insigniSi 
are belter acquainted with it ; for thoi^ 
perform but a p^kssive part in the atmosp 
no very striking properiies when conside; 
rate state, yet you will sec by and by w 
portanl agent it becomes, when coml^ 
bodies. But no moi-e of this at pi 
proper place, 
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On Hydrogen. 
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Pray what kind of a substance is that ; j 
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J cannot obtain liydrogen in its 
We are acquainted with it only 
gaseous form, as we are with oxygen and nitro- 

roline. But in its gaseous state it cannot be called 
iple substance, since it is combined with caloric. 
r*. B. True, my dear ; but iLs we do not know 
ture of any substance which is not more or less 
lined with caloric, we are apt to say (rather incor- 
f indeed) that a substance is in its pure state, when 
lined with caloric only, 
^drogen is derived from two Greeli words, the 
ling of which is coproduce water, 
nity. And how does hydrogen produce water ! 
re. B. Water is composed of 83 parts, by weight, . 
[ygen, chemically combined with 15 parts of hy- 
sn gas, or (as it was formerly called) inRamable 

roline. Really 1 Is it possible that water should 
combination of two gasses, and that one of them 
d be imflammahle air ? It must be a most extra- ' 
ary gas, that will produce both fire and water ! 
r». B. Hydrogen, I assure you, though a consti- 
part of watei', is one of the most combustible sub- 
es in nature. 

rdhi. But I thought you said that combustion 
I take place in no gas but oxygen ? 
re. B. Do you r ecollect what the process of com- 
an consists in f 

nily. In the combination of a body with oxygen, 
disengagement of light and heat. 
r». B. Therefore, when I say liiat hydrogen is 
lustibie, I mean that it has an affinity for oxygen ; 
ike all other combustible substances, it cannot 
unless supplied with oxygen, and heated to a 
er temperature. 

Totine. But 1 cannot conceive how, by mixing 
n parts of it, with eigbty-Gvc parts of oxygen gas, 
o gasses can be converted into water. 
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(wfiether charcoal or metal) by means of which 
water is decompoaed, supplies, in cooliog, a portidi 
of the calork which enters into the formation of iht 

Emily. Waler, then, may be resolved into a solU 

.ibstance and a gas ; the oxyen being condensed iiitt 

solid, by ilie loss of caloric, and the hydrogen ei- 

inded into a gaS, by tlie acquisition of it. 

ATra. B. Very well ; but lemember tliat the baah 

the oxygen gas, or what you call solid oxygen, as, 

lever be obtained alone ; it can be separated from xht 

nydi'ogen only by combining it with some other body 

for which it has a greater affinity. 

Caroline. Hydrogen, I see, is like nitrogen, a poor 
iijependant fi-iend of oxygen, which is coniinually for- 
ftiken for greater favourites. 

K Mra. B. The connection, or friendship, as you chooK 
10 call it, is much more intimate between oxygen and 
hydrogen, in the state of water, than between oxygwi 
nnd nitrogen, in the atmosphere : for in the first casei 
Uierc is a chemical union and condensation of the nw 
substances "; in the latter they are simply mined to- 
gether in their gaseous slate. You will find, howe^'e^ 
that, in some cases, nitrogen Is quite as intimately con- 
nected with oxygen, as hydrogen is.-^But this is fw- 
eign to our present subject. 

Emily. Water, then, is an oxyd, though the at* 
moapherical air is not ? 

Mrs. B. It is not commonly called an oiyd, though 
irdlng to our definition, it may, no doubt, be refct- 
that class of bodies. 
Caroline. I should like extremely to see w^ter dc- 

Mri, B. 1 call easily gratify your curiosity by » 
iltch more easy pixjcess than the oxydaiion of char- 
eoal or metal ; the decomposition of water by these 
latter means, take up a great deal of time, and {3 at- 
tended with much trottble ; for it is necessary that Uffl 
charcoal or metal should be made red hot in a fumatCt 
that ihe water should pass over them in a state of va- 
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liat the gas formed should be collected over the ' 
ath, kc. In ahon it i$ a very complicuteil itMt. 
s same effect may be pi-oduced with the gveat- 
ity, by adding some sulphuric acid (a sulstance 
; nature of which you are not yet acquainted), to 
er which the metal is lo decompose. The acid 
s the metal to combine with the oxygen of the 
o readily and abundantly, thai no heat is reqiiirp 
isten the pi'ocesa. Of this I am going to show 
instance.— I put into this bottle the water that is 
ecomposed, the metal that js to effect that de» 
lition by combining with the oxygen, and tJie '• 
ich is to fecililate ttie combinalion of the metiJ 

oxvgeii. Yuu will see with what violence lliesa 

on each otliev. 
line. But what metal is it that you employ for 

B. It is ii-on ; and it is used in the stale of 
as these present a greater surfare to the acid 
ioUd piece of metal. For, as it is the surface 
metal which is acted upon by the acid, and is dis- 
receive the oxygen produced by the decompo- 
f the water, it necesgaiily follows that th^ greai.- 
e surface, the more considerable is the efTect. 
ibblps which are now rising are hydrogen ga^-r- 
How disagi-eeably it smells ! i 

It is indeed unpleasant, but no4: unitholcj' 
Ve shall not, however, suffer any more to esr 
: vill be wanted fur experiments. I shall 
e collect it in a glass receiver, by making it 
3ugh this bent tube, which will conduct it into 
r-bath. (J'/aieVf. Mg. ll.J 
. £Iow very rapidly the gas escapes ! it is 

PLATE VI. 

. Appsralui for preparing and coliccling hyLlrogcn gti. 

Elecciver full of hTdrogen gas inverted svcr water. 

Ipw combusEion of hydrogen gai. Fig. 14. Appara- 

RTBting the fntmation of water by the cambuuion of 
ng. Fig, ij Apparaiui fsr producing hsnnows 
Bk coDibuition of hydrogen gat. 
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perfectly transparenti and without any colour whatever. 
— Now the receiver is full— 

Mrs. B. Wc shall therefore remove it and subsdi 
tutc another in its place. But you must observe) thit 
when the receiver is full, it is necessary to keep it iih 
verted with the mouth under Avater, otherwise the gn 
would escape. And in order that it may not be ia the 
v.ay, I introduce within the bath under the water, t 
saucer, into which I slide the receiver, so that it can 
be taken out of the bath and conveyed any where, ths 
water in the saucer being equally effectual in prevent* 
ing its escape as that in the bath. (Plate VI. Fig. 12.J 

Kmily. I am quite surprised to see what a largs 
quantity of hydrogen gas can be produced by such i 
small quantity of water, especially as oxygen is dN 
principal constituent of water. 

Mrs, B, In weight it is : but not in volume. For 
though the proportion, by weight, is nearly si^ parts 
of oxygen to one of hydrogen, yet the proportion of 
the volume of the gasscs, is about one part of oxygei^ 
to two of hydrogen ; so much heavier is the fbrmcr 
than the latter. 

Caroline. But why is the vessel in which the water 
is decomposed so hot ? As the water changes from i 
li([ui(l to a gaseous form, cold should be produced in* 
stead of heat. 

JSIrs. B. No ; for if one of the constituents of water 
is convcrtec] into a gas, the other becomes solid in com* 
binini^ with the metal ; and the caloric which tlic oxy- 
gen loses by being thus rendered solid, is just sufficient 
to transform the hydrogen into a gas. 

Emily. In this case, neither heat nor cold would bo 
produced ; for the caloi ic disengaged from the oxygent 
beinc: iiv.mcdiatclv combined with the hydrogen, can- 
not become sensible ? 

Mrs. B. That is very true ; but the sensible heat 
which is disengaged in this operation is not owing to 
the decomposition of the water, but to an cxtncaUon 
of latent heat produced by the mixture of water and 
sulphuric acid, as you saw in a former experiment. 

If I now set the hydrogen gas, which is contain^ 
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in this receiver, at liberty all aX once, and kindle itnt 

soon as it comes in contact with titc atmosphere, by 
presenting it to a candle, it will so suddenly and rapid- 
ly tiecorapoie the oxygen gai, by combioiiig with its 
b^Lsis, that an explosion, or a detonation (as chemists 
commonly call it), will be pnxUiceJ. For this purpose, 
1 need only take up tiie receiver, and quickly pres^it 
Its open month to the candle so . . 

Caroline. It produced only a sort of hissing 
with a vi\id flash of light 1 had expected 
greater report. 

Mm. B. And so it would have been, had the gasses 
been closely confined at the moment they were made 
to explode. If for instance, we were to put in this bot- 
tle a mixture of hydrogen gas and atmospheric air ; 
and if, after corUng the bottle, we should kindle the 
mixture by a very small orifice, from the sudden dilata- 
tion of the gasses at the moment of their coml^ nation, 
tiie bottle must either fly to pieces, or the cork be blown 
out wilii considerable violence. 

CarolhK. But in the experiment which we have just 
seen, if you did not kindle the hydrogen gaa, woi ' ' ' 
ihiji equally comlsne with the oxygen : 

Mrs.B. Certainly not ; have I not just expl: 
rovou the necessity of the oxygen and hydrogen gai 
being burnt together, in ovdisrto comtmic cheniic 
and produce water ? 

C'aroBie. That is true ; but I thought this was a 
ferent combination, for I see no water produced. 

Mra. B. The water produced by this detonation was 
BO small in qunntitv, and in such a state of minute diii- 
sion, as to be invi^ble. But water certainly was pr&. 
diiced ; foroxygen is incapable of combining with hy- 
^vgen in any other proportions than those that form 
water 1 therefore water must always be the result of 
their combination. 

If, instead of bringing the hydragef gas into sudden 
contact with the atmosphere (as we did juat now) ao as 
to make the whole of it explode tile moment it is kind- 
led, we allow but a very small surface of gas to bura 
in coatatl willi tin; atmosphere, llie combusdon goes J 
I 2 
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on quietly and gradually at the point of ccmtact, ^ 
any detonation^ because the surfaces brought tc 
are too small for the immediate union of gasses, 
experiment is a very easy ope. This phial with 
row neck, (Pia^te VI, Fig, 13j, is full of hy 
gas, and is carefully corked. If I take out th 
without moving the phial, and quickly approa 
candle to th^ oiifipe, you will see how different 
suit will be— ' 

Errdly. How prettily it bufns^ with a blue : 
The flame is gradually sinking within the phial 
it has entirely disappeared. But do.es not this^a 
tion likewise produce water ? 

Mrs, B, UndQubtedTy. In ord^r to make tl 
mation of water sensible to you, I shall procure 
supply of hydrogen gas, by putting mto this 
(Pla^e VI. Fig. U.J irop filings, water,i and su 
acid, materials similar to those which we hav^ ju 
for the same purpose. I shall then cork up the 
leaving only a small orifipe in die cork, with a p 
glass tube fixed to it, through which the gas will 
in a continued rapid stream. 

Caroline, I hear already the hissing of tl 
through the tube, and \ can feel a strong current 
my hand. 

Mrs. B. This current I am going to kind 
the candle — see how vividly it burns — •. 

Fimly. It burns like a candle with a long ft 
But why does this combustion last so. much, long 
in the former experiment ? 

Mrs^ B. The combustion goes on uninterri 
as long as the new gas continues to be produced 
if I invert this receiver over the flame, you wi 
perceive its internal surface covered with a v€ 
dew, which is pure water-^ 

Caroline. Yes, indeed ; the glass is now qui: 
with moisture 1 How glad I am that we can see 1 
ter produced by this combustion. 

Emily. It is exactly what I was aiiXious to s< 
I confess I was a little incied.ilous. 
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Jl/ra. J3. If I had not held ihc glass-bell over th«' 
ftune, the walev would have escaped in the state of vn- 
,pour, as it did in the former experinient. We have 
l^ere, of courac, obtained but: a veiy small quantity of 
^water ; but the difRcully of procuiing a proper appai" 
tus, with sufficient tiuantities of gassijs, prevents 
Vhewifig it tp you on a larger scale. 

The composition of water wna iliscovered about 
' ; nc period, both by Mr. Cavendish, in this country) 
1 1 ly the celebrated t'rench clicmist Lavoisier, The 
. .:Lci'iuventeda very perfect and ingenious apparatus 
\ii jierfoi'iti -U'ith great accuracy, and upon a large scale, 
the formation of water by the combination of oxygen 
and hydrogen gasses. Two tubesi conveying due pro- 
portions, the one of oxygen, the other of hydro- 
.,'.11 gas, are inserted at opposite sides of a large globe 
i;luss, previously exhausted of air j the two atrcams 
;;:i3 are kindled within the globe, by the electric 
■ ; k, at tlie point where they come in contact ; tliey 
111 together, that is lo Bay, the hydrogen gas com. 
;,i^s with the basis of the oxygen gas, the caloric bf 
..kh is set at liberty ; and a cjuiintity of wuter is pro. 
i;iLd, exactly equal in weight W that of the two gas- 
sca introdiKed into the globe. 

Cm-oline. And what was the greatest quantity of 
water ever formed iu this apjiaratus ? 

Mti. B. Several ounces ; indeeii, very near a 
pound, if I recollect right ; but the operation lasted 
many days. 

JCmUy. This exijei'imenl must have convinced all 
the world of the truth of the discovery. Pi-ay, if im- 
pi'oper proportions of the gasses were mixed and set 
iire to, wliat woidd be the result i 

JMr". B. Water would equally bo formed, but there 
would be a residue of either one or other of the gasses, 
because, as I have already told you, hydrogen and oxy- 
gen will combine only in the propoitiona requisite for 
the formation of water. 

There is another curious effect produced by the com- 
bustion of hydrogen gas, which 1 shall shew you, 
, thoMgli I must acquaint you firstj that I cannot well ey« 
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pluin ihc cause of iti for this purpose, I mustpulsniK 
moi'e materials into our apparatus, in order to obuusi 
•tream of hydrogen gaS, just as we have done befeit 
The process is already going on, mid the gas is rushi^ 
through the tube — I shall now kindle it with the taper. 

Einilii. It bums exactly as it did befoi-e Whui 

Ae curious effect which you were nieniioning i 

Mra. B. Instead o[ the receiver, by means of which 
we have jusi seen the drops of water fovtn, weshiUb- 
vei-t over the flume tliia piece ol" litbe, which is alBul 
two feet in length, audone inch in diameter (PkifW- 
Fig. \5.J but you must observe lliat it isopen atbotli 
ends. 

Mmily. What a strange ntMce it makes ! someihiDg 
like the jEolian harp, but not so sweet. 

CaroUne. It is very singular, iodeed ; but I tlunk 
ruther too powerful to be pleasing. And is not ttil 
sound accounted tur ? 

Mn. B. That tlic percussion of glass, by a ripid 
etream of gas, should produce a sound, is not ext^ao^ 
dinary ; but tlie sound is here so peculiar, that no oUk 
er gas has a similar effect. Perhaps it is owing toi 
biisk vibratory motion of the glass occasioned by fl* 
successive formation and condeusation of small dn^' 
of water on the sides of the glass tube, and Ihc «f 
rushing in to replace the vacuum formed,* 

Caroline. How very much this flame resembles tlu 
burning of a candle. 

Mrs. B. The burning of a candle is produced b 
much the same means. A great deal of hydi-ogea & 
contained in candles, wtielher of tallow or wax. This 
hydrogenbeingconvertedintogasbythehcat of the can- 
dle, combines with the oxygen of the atmosphere, and 
fiame and water result from this combination. So tbtti 
in fact, the flame of a candle is nothing but the com- 
bustion of hydrogen gas. An elevauonof tenipei'aDirei 
such as is produced by a lighted match or taper, b re- 
qiured to g:ive ttx: first impulse to the combustion ; bill 

first tuggeited by Dr-Ocb- 
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Hrflerwanlsit goes on of itself, because the candle finds 
» supply of caloric in the successive quantities oUchem- 
ictd heat which becomes aenaiblchy the combinnlian of 
the two gasaea. But there arc other accessary cjrcum- 
Btances connected with the combustion of caudles and 
lamps, which I oLnnot explain to you till you are ac- 
quainted with cnrione, which is one of their constituent 
pai'ts. In general, however, whenever you see Same, 
you may infer that it is owing to the formation and burn- 
ing' of liydrogen gas ; for flame is the peculiar mode 
of burning of hydi"ogcn gaa, which, wiUi onlif one or 
two apparent exceptions, does not belong to any other 
combustible. 

Eniily. You astonish me ! I understood that flame 
%F!is the caloric abandoned by the basis of the oxygen 
gas, in all combustions whatevei' ? 

Mrs. B. Your error proceeded from your vague and 
incorrect idea of flame ; you have confounded it with 
light and caloric in general. Flame always implies 
caloric, since it is produced by the combustion of hy- 
drogen gas ; but all caloric does not imply flame. Ma- 
ny bodies burn with btense heat without producing 
flame. Coals, for instance, bum with flame until all 
the hydrogen wliich they conUiiu is evaporated ; but 
-when they afterwards become red hot, much more ca- 
loric is disengaged tiian when they produce flame- 

CaroUne. But the iron wire, which you burnt in ox- 
ygen gas, ap])eare[! to me to emit flame ; yet 
a simple metiil, it could contain no hydiBgen : 

Mi't. B. It produced a sparkling dazzling blaze 
light, but no real flame. 

£mUi/. And what is tlie cause of the regular shs 
of the flame of a candle ? 

Mrs. B. The regular stream of hydrogen gas which 
e\1iales from its combustible matter. 

CaroAne. But the hydrogen gas must from its great 
levity, ascend into the upper regions of the atmosphere i 
why therefore does not the flame continue to accompa- 
ny it ? 

Mrs. B, The combustion of the hydrogen gas is 
rompleted at the point where the Bame terrainatcs ; it 
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dien ceases to be hydrogen gas, as 
its combustion into watery vapour ; bi 
minute division as to be invisible. 

Caro&ne. I do not understand whs 
wick of a candle ; since the hydFOgec 
without it ? 

Mr9, B. The combustible matter 
be decomposed in order to emit the Y 
the wick is instrumental in effectii 
tion. Its combustion first melts the c 
and 

CaroHne, But in lamps the coml 
ah%ady fluid, and yet they also rcqui 

Mrs, B, I was going to add thi 
burning wick (by the power of capillai 
ually draws up the fluid to the point 
takes place ; for you must have obser 
does not bum quite to the bottom. 

Caroline. Yes ; but I do not unde 
not. 

Mre. B. Because the air has not 
to that part of the wick which is imm 
with the candle) as to the part just 
beat there is not suflicient to produce i 
the combustion therefore begins a litt 
put we dwell too long on a subject 
yet thoroux^hly understand. — I have a 
to shew you with hydrogen gas, whi 
tisrtain you* Have you ever blown 
and water f 

Mtmly, Yes? often, when I^vasa 
to make them float in the air by blowii 

Mrs, B. We shall fill some sue 
drogen gas, instead of atmospheric 
see with what ease and rapidity they 
out tlie assistance of blowing, from t 
gas. — Will you mix some soap and 
this bladder with the gas contained in 
stands on the shelf in the water- bath. 

Caroline, What is the use of the 
tun>cock at the top of the receiver ? 
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r«. S. It is to afford a passage to the gas when rc- 
d. There is, you see, a similar stop-cock fasten- 
I this blMlder, which is made to fit that on the re- 
!r. I screw them one on the other, and now tuni 
wo cocks, (o open a communication between the I 
ver and the bladder ; ihen, by sliding the receiver 
le shelf, and gently sinking it into the bath) the 
r rises in the receiver and foi'ces the gas into the 
ler. (Piait VII. Mg, 16.) 
\rotine. Yes, I see the bladder swell as the water 
in the receiver, 
'ra, B. 1 think that we have already a sufficient 
thy in the bladder for our purpose ; we must be 
'ut to stop both the cocks before we separate the 
ler fi-om the receiver, lest the gas should escape. — 
I must fix a pipe to the stopper of the bladder, 
by dipping its mouth into tlie soap and water, take 
few drops j then I again turn the cock, and squeeze 
iludder in order to force the gas into the soap and 
r at the mouth of the pipe. {Plati: VII. Fig. ir.) 
mly. Tliere is a bubble— but it bums before it 
iS t!ie mouth of the pipe, 

Vs. B. We must have patience and try again; 
lot so easy to blow bubbles by means of a bladder, 
mply with the breath. 

iroHnt. Perhaps there is not soap enough in the 
r ; I should have had warm water, it would have 
lived the soap better. 

miii/. Does not some of the gas escape between 
rfadder and the pipe ? 

Ira. B. No, they are perfectly air-tight ; we shall 
,ecd presently, I dare say. 

-.roHne. Now a bubble ascends ; it moves with the i 
3ity of a balloon. How beauiifully it refi'acts tliB ] 

mi/y. H has burst against the ceiling — you sue- ' 
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ceed now wonderfully ; but why da they wH 
burst against the ceiling i 

Mr». B. Hydrogen gas is so much ligliter 
inospherical air, that it ascends rapidly with 
light envelope, which is burst by the force wit 
It strikes the ceiling. 

Air balloons arc filled with this gas, and ifll 
ried no other weight ihan their covering, woulc 
as rapidly as these bubbles. 

Caroline. Yet their covering must be much 
than that of these bubbles ? 

Mm. B. Not in proportion to the quantilj 
they contain. I do not know whether you hi 
been present at the filling of a large balloon, 
pamius for that purpose is very simple. It co 
a number of vessels, either jars or barrels, i 
the materials foi' the formation of tlic gas art 
each of these being funushed with a tube, an 
mimicating with a long flexible pipe, which < 
the gas into the balloon. 

Eimty. But the fire balloons which were firs 
ed, and have been since abandoned, on accuuiii 
being so dangerous, were constructed, I sttp 
a dilierent principle. 

Mrs. B. They were filled simply with atn 
cal air, considerably rarefied, and the ncccsdt 
ing a fire underneath the balloon, in order to 
the rarefaction of the air within it, was the circi 
productive of so much danger. 

If you are not yet tired of experiments, 1 1 
ther to shew you. It consists in filling soap 
with a mixture of hydrogen and oxygen gaase 
proportions that form water ; and afterwardi 
fire lo them. 

Emily. They will detonate, I suppose ? 

Mr». B. Yes, they will. As you have i 
method of tranferring the gas from the rcce 
the bladder it is not necessary lo repeat it. 
therefore provided a bladder which c 
poruon of oxygen and hydrogen gasaes, 
to blow bubbles with it. 
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Caroline. Here is a fine large bubble rKing — sliall 1 
Bet five to it with the candle ? 
Mrs. B. If you please. 

CariUnt. Heavens, ivhat an explosion ! — It n 
te the report of a gun : I confess it frightened ine 
*ich, I never should have imagined it could be so 
ud. 
£Hiily. And the flash was as \iiid as lightning. 
Mrs. D. The combination of the two gasses takes - 
ace during that instant of time that you see the Oash, 
id hear ihe detonation. 
Jimily, This has a strong resemblance to tliunder 
kcl lightning. 

iV/rs. B. These phenomena, however, are most 
"oliably- of an electrical nature. Yet various nieteo- 
klugicat e%ct5 may be attributed to accidental delonS' 
»ns of hytlrogen gas in the atmosphere ; for nature a- 
>Knds wit!i hydrogen ; it conslitules a very consider- 
ile portion of the whole mass ofwatcr belonging to our 
ilobe, and from that soarce, almost every other body 
btsins it. It enters inlo the romposition of all animal 
Ubstances, and of a great number of minerals ; but it 
* most abundant in vegeiaWcs. Ti-ora this immense vaJ 
■iety of bodies, it is often «pontuiicousiy disengagpd ; 
lU great levity makes it rise into the superior regions 
ofthe atmosphere, and when, either by an electric spark, 
or any casual elevation of temperature, it takes (ire, it 
may produce such meteors or luminous appearances as 
are occasionally seen in the atmosphere, Ofthib kind 
are probably tliose broaU flashes which ivc often sec on 
1 tummer evening, without hearing any detonation. 

Emily. Every flash I suppose, must pi-oduce a quan- 
tity of water? 

CaToline. And this water, naturally, descends in the 
fimn of rain ? , 

Afrs. B. That probably is often ihe case, tliouph it 
is not a necessary consequence ; for the water may be 
^issolvetl by the atmosphere, as il descends lowartls rhe 
lower regions, and remain there in the form of doiids. 
But pray do not question me too closely on ttus subject, 
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for the phenomena of the atmosphe 
undci-sttxx) ; and even with the liltle that % 
but imperfectly acquainted. 
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On Sulphur aad PboiphoruM 

Mra. B. 

Sulphur is the nest simple substax 
under our consideration. It differs in i 
from the preceding, as it exists in a : 
tempepaiure of the atmosphere. 

Caroline. 1 am glad that we have a 
to examine ; one that we can see and 
it not wiili sulphur that the points of matta 
ed to make them easily kindle ? 

Mri. B, Yes, it is ; and you therefore 
that sulphur is a very combustible substai 
dom discovered in nature in a ptu-e unm 
great is its affinity for other substances, 4 
constantly found combined wkh some d 
most commonly united with metals, undef 
and is separated from them by a veryd 
It exists likewise in many mineral vr" — 
etables yield it in various proportions, « 
of the cruciform tribe. It is also found j 
tcr ; iu short, it may be discovered in f 
(luantity, in the minei-a!, vegetable, 

doms, I 

£mly. I have heard o( powers of n^ 

jbe produce of any pliint ? 

TJir*. B. By no means; they coDtJslo! 



■'m 



THE NEW YORK 

PUBUC LIBRARY 



ASTOWr LENOX AMD 
TIL DEN FOUNDATIONS. 



( OS ) 

n iulphur reduced to a very fine powder by 
focess called aublimalhn. — You see some of it in this 
1*1; It is exactly the same sulwtance as this lump of 
>h<ir, oniy its colour is a paler yellow, owing to iti 
e of very minule division. 
Smily. Pray what is sublimaiion ? 
*/r*. B. It is the evaporation, or, more pro])crly 
alung, the volatilization of solid suhstances, which, in 
■ling, condense again in a conci-cte form. The pro- 
Sj in this instance, must be performed in a closed 
Bel, both to pixvent combustion, which woulil take 
C€ if the access of air was not carefully precluded, 
I likewise in order to collect the substance after the 
ira^on. As it is rather a slowprocess, we shall not try 

experiment now ; but you willundei'stauditpei-fecl- 
if" I show you the apparatus used for the purpose 
'aieViU. i'lg. 18.) Some lumps ofsulpnur arc 
: into a receiver of this kind which is called a rucurWf. 
shape, you see, somewhat resembles that of a pear, 
I it is open at the top so as to adapt itself exactly 
it kind of conical receiver of this son called tiie head, 
.e cucurbit, tlius covered with its head, is placed 
'-r a sand-liath ; this is nothing more than a vessel 
I of sand, which is kept heated by a furnace, bucli 

you see here, so as to preserve the apparatus in a. 
'derate and uniform temperature. The sulphur 
-n soon begins to melt, and immediately after this a 
ck white smoke rises, which is gradually deposited 
-fciu the head, or upper part of the apparatus, wliere . 
"(jiidenscs against the udcs, somewhat in the fiSrni 

a vegetalion, whence it has obtnincd tlie name of 
Wers of sulphur. This apparatus, whicli is called 

o/embiCf is highly useful in all kinds of distillation a, 

you will sec when we come to ti-eat of those opera- 
itis. Alembics arc not commonly made of glass, 
;e tliis, which is applicable only to distillations upon, 

PLATE VIII. 
Fig. iB. A. Alembic. B. S»nd-bath. C. Fumate. Fig. 19. 
Bdiometer. Fig- %o. A, Retort contiining wHer. B. Lamp to 
ai the waier. C. C. Porceliia tube containing Caibonj 
nrnace [hraugh wfaicii tbe tube piffsi. E. Receiver ior thf 
rodoced. F. Water-bitb. 
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JUrMfVL utsotnoiise matibBmatloiis; b 
fillafintw (tiie gen^^ object of wldch is toe 
bf heatf in closed vessels, die volatile. p»ts i 
poand body, and to condense tfaem again into 
It serves to cany off the condensed floid, wbi 
vise would fiiH back into the cocmbk. Buttb 
er imeign to our present subject. Let us r^ 
sulphur. You now perfectly understand, I 
what b meant by sublimation ? 

Enaig* I believe I do. SublimatkHi appei 
aist in destroying, by means of heat, the atl 
aggregation of Um particles of a sc^ body, 
thus volatifized ; ai^ as soon a^ they lose t 
which produced that effect, they sire depodi 
form of a fine powder. 

Confine. It seems to me to be aomewliat 
the trapsfpriQatiQii of water into vapour^ irhi< 
to its liquid state when deprived of caloric. 

EmUy, There is this difference^ however 
sulphur does not return to its foririer ^tate, &in< 
pf lumpSf it changes to a fine powder. 

Mra, B. Chemically speaking, it is exactly 
9ub9tance, wh^h^r in the form of lump or pow 
if this powder be melted again by heat, it wi 
incTt be restored to the same .solid state in wfa 



( 101 ) 

. Sublimation appears lo me like tlie bcj^iii- 

unbustion, for the completion of which one 

ice only is wanting, tlic absorption of oxygen. 

Dut that cifcutustancc is every tiling. No 

IdteraUon is produced in sulphur by sublima- 

"tlin combustion h combincG with tiie oxygen 

a new compound totally difTcrcnt in every 

m sulphur in its pure stale. — Wc shall now 

sulphur, and you will see how very differ- 

lult will be. For this puqwse I put a smull 

^JfJowers of sulphur into this cup, and place 

iish< into which I have poured a little iraler ; I 

t fire to the sulphur with the point of this hoi 

for its combustion will not begin unless its tern- 

le considerably raised. — You see that it bums 

Qt blucish i!ame ; and as 1 invert over it this 

.vhite fumes ai'ise from Ibc sulphur and fill the 

* '" soon perceive that the water is rising 

■, a little above ils level in the plate. 

aly, can you account for this i 

1 suppose that the sulphur has absorbed the 

the atmospherical air within the receiver ; 

shall find some oxygenated sulphuc in the 

\s for the white smoke, I am quite at a loss ta 

vhat it may be. 

B. Your first conjecture is very light ; but you 

e mistaken in the last ; for nothin[r will be left 

:up. The white vapour is the oxygenated sul- 

'hich assumes the form of an elastic fluid of a 

and ofTensive smell, and is a powerful acid, 

I see a chemical combination of oxygen and 

producing a true gas, which would continue 

ider liie pressure and at tht tcrjperature of the 

liere, if it did not unite with the water in the 

which it imparts its acid taste and all its acid 

3. — Yon see, uow, with what curious elTects 

ibustion of sulphur is attended. 

If. This is something quite new ; and I con- 

I do not perfectly understand why the sulphur 

ad. 

It is because it unites with osygcn, which 
.U actdil'yitig r>rinciple. And, indccJ, l}fff 
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word oxyg/n, U dcriYcd from two Greek woitls aigofjr- 
ing (0 firtducc an acid, 

Caroline. Why then is not water, which cMMini 
such ft quantity of oxygen, acid ! 

Mm. D. Because hydrogen, which is the otherrao- 
Micuent of \?ater, is not susceptible of acidifica^j 
1 belicre it will be necessary, before we proceed to- 
iher, to soy a few woiyIs of the general nature of acMi 
Ihough it is rather a deviation from our plan of e»»nii''' 
ing the simple bodies separately, befofe we ctjasAs 
them in a state of combination. 

Acids may be considered as a peculiar class of btni 
bodies, which, during their combustion, or coraUiB- 
tion with oxygen, have acquired very characwiistic 
properties, Th6y are chieBy discemableby theirsonl 
taste, and by turning red moat of the blue vegctaite 
colours. These two properties arc camnion to the 
whole cla33 of acids ; but each of them is distiiigtM* 
ed by other peculiar qualities. Every aciil consists rf 
some particular substance (which constitutes its bm 
»id is different in each), and of oxygen, which is com- 
mon to them all. 

Emily. But I do not clearly see the difference be- 
Iween scids and osyds l 

Mra. B. Acids were, in fact, osyds, which, by tie 
addition of a sufficient quaniit)r of osygcn, have been 
(^inverted into acids. For acidification, you must ob- 
serve, always implies previous oxydation, as a bejf 
must have combined with the quantity of oxygen requi- 
site to constitute it an osyd, before it can combine * " 
the greater quantity that is necessary to render il 

Carolmr. Are all osyds capable of being conTeiiri 
into acids ! 

Mrs. B. Very far fwm il ; it is only certain bA- 
stances which will enter into that peculiar kind of unM 
with oxygen that produces acids, and the number of 
these is proportionally very small ; but all humt bo£» 
may be considered as belonging either to the datSBf 
cxyds, ortothatof acids. Ata future period, wei^ 
enter mo i-e at large upon thJs subject. At pi 
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JiBve but one circuiriitaiicc further to point out to j-our 
observation respecting acids : it is, that most of tliem 
are susceptible of two degrees of acidificaiioii, accord- 
ing to the different quantities of oxygen witli which 
iJieir basis combiues. 

£mJiy. And how are these two degrees of iicidifica- 
tion distinguished .' 

Alrt. S. By the peculiar properties that result frote 
them. The acid we have just made is the first or weafc' 
cft degree of addiEcation, and is called aulfihurowi add ; 
if it tvcre fully saturated with oxygen, it would be fal\- 
sA sf^ikiiric acid. You must therefore rememberi that 
Jnthis, as in all acids, the fii-st dcgi-ee of acidjiication 
is expressed by the termination in one ; the stronger, 
by the termination in ic. 

CaroUnr. And how is the sulphuric acid made ? 

Mr/i. B. By burning sulphur in pure oxygen gas, 
and thus rendering its combustion much more complete. 
I have provided some oxygen gas for this purpose ; it 
is in that bottle, but we must first decant the gas into 
the glass receiver which stands on the shelf in the bath, 
and is full of water. 

Caroline. Pray, let me tiy to do it, Mrs. B ? 

Mr». B. It rccjuiL-eB some little dexterity — hold the 
bottle completely under water, and do not turn the 
mouth upwaixls, till it is immediately under the aper- 
ture hi the shelf, through which the gas is to pass into 
Ihe receiver, and then turn it up gradually. — Very well, 
you liave only let a few bubbles escape, and that must 
be expected at a first trial. — Now I shall put this piece 
of sulphur into the receiver, through the opening at 
the top, and introduce along with it a small piece of 
lighted tinder to set fire to it. This requires beinf 
done very quickly, lest the atmospherical air sbouI< 
get in, and mis with the pore oxygen ga; 

£ndlif. How beautifully it bums ! 

CuroUnr. But it is already buried in the thick va- 
pour. This 1 suppose is sulphuric acid ? 

£nul!/. Are these acids always in a gaseous stale 

Mm. B. Sulphurous acid, as we havc_, already ob- 
served, is a permanent gas, and can bei&Uincd 
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PBquiil form orily by condensing it in WJ 
Mate, the sulphurous acid is invisible^ 
the form of white smoke, only fi'oin ij 
the moislure. But the vapour of eiilf 
you have just seen to rise duiing ihc 1 
a gas, but only a vapour, which condi 
sulphuric acid, merely by loung its c 
condensation is much hastened and pn 

tjug the vapour into cold water ; whict 
te separated from the acid by evapora 
['Before we quit the subject of aulphu 
lAatit is susceptible of combining wil 
of Eubatanccs, and especially with 
which you are already acquainted. B 
dissolve a small portion of it. 

Jimiiif. What ; can a gas dissolve 
Mrs. B. Yes ; a solid substance 
ly divided by heat, as to become solul 
there are several instances of it. " 
sen'e that, in this casei a chemical 
■ay, a combinatiim of the sulphur 
gas, is produced. In order 1u efiect 
must be strongly heuted in contact 
heat reduces the sulphur to such 
4ivi»on, and diifusesit so thoroughly 
that they combine and incorporate t< 
a proof that there must be a cbemii 
the sulphur and tite gas, it is sufii ' 
they are not sepmntcd when the si 
loi'ic by which it was volatilized, 
dent, from the peculiar feted smell of. 
is anew compound totally different 1" 
constituents ; it is called sulphuraird 
is contained in great abundi 

CiiroHnc. Arc not ilie Harrogate -d 
lure ? ] 

Mri. D. Yes ; ibey arc naturally i| 
sulphurated hydrogen gas, and there] 
spiings of the same kind ; which she! 
must often be formed in the bowels'l 
^ spontaneous processes of nature- 
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Caroline. Anil coiild not such waters be made arti- 
ficially by impregnating common water wiib this guB ? 

Mrs. B. Yes ; they can be bo well imitated as per- 
fcctly to resemble the Hanogate waters. 

Sulphur combines likewise with phosphorus) and 3 
with the ntkaliea, and alkaline earths, substances witbl 
Which you arc yet unacquainted. We cannot, there- 'M 
.-iove^ enter into these coujbinations at present. In 
neKt lesson we shall treat of phosphorus. 

Emily. May we not begin that subject ta^ay ; 
' lesson has been so short i 

Mrs. B, I have no objection, if you are not i 
What rio you say, Caroline ? 

CaroSnr. I am as desirous as Emily of prolor 
the lesson to^iiuy, especially as we are to enter 
i;c IV- subject ; for I confess tliat sulphur has not ap_ 
ed lome so iiiteresung as the other simple bodies. 

Mrs. B. Perhaps you may find phosphorus more ' 
entertaining. You must not, however, be discouraged 
when you meet with some parts of a study less amus- 
ing than others ; it would answer no good purpose to 
select the most pleasing parts, since, if we did not pro- 
ceed with some method, in order to acquire a general 
idea of the whole, we could scarcely expect to take in< 
l^eat in any particular subjects. 






PHOSPHORUS. 



Phosfhouvs is a simple suljstancc that was 
ly unknown. It was first discovered by Brandt, 
Ul of Hamburgh, whilst employed in researches alter 
the philospher's stgnc ; but the method of obtaining it 
remained a secret till it was a second time discovered 
both by Kuncket and Boyle, in the year 16i(i. You 
Bce a specimen of phosphorus in this phial ; it is gen- 
erally moulded into small slicks of a yellowish colour, 
a& you find it heic. 
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Caroline, I do not understand in what the discovery 
consisted ; there may be a secret method of making i 
comjx)sition, but a simple body cannot be madcj it op 

only be found. 

Mrs. B. But a body may exist in nature so cloself 
combined with other substances, as to elude the ob8e^ 
vation of chemists, or render it extrenciely difficult to 
obtain it in its simple state. This is the case with phos- 
phorus, which is always so intimately combined \nili 
otber substances, that its existence remained unnoticed 
till Brandt discovered the means of obtaining it free 
from all combinations. It is found in all animal sub* 
stances, and is now chiefly extracted from bones, by a 
chemical process. It exists also in some plants, that 
bear s strong analogy to animal matter in their chemical 
composition. 

Emily. But is it never found in its simple state ? 

Mrs, B, Never, and this is the reason of its hanng 
remained so long undiscovered. 

Einihj, It is possible, then, that in course of time 
other new simple bodies may be discovered ? 

Mrs, B. Undoubtedly ; and we may also learn that 
some of those, which we now class among the simple 
bodies, may, in fact, be compound ; indeed, you wll 
soon find that discoveries of this kind are by no means 
unfrcqucnt. 

Phosphorus is eminently combustible ; it melts and 
takes fire at the temperature of lOOo, and absorbs in 
its combustion nearly once and a half its own weight of 
oxygen. 

Caroline. What ! will a pound of phosphorus con* 
sume a pound and a half of oxygen ? 

Mrs. B. So it appears from accurate expenments. 
I can show you with what violence it combines with 
oxygen, by burning some of it in that gas. We must 
manage the experiment in the same manner as we did 
the combustion of sulphur.— You see I am obliged to 
cut this little bit of phosphorus under water, otherwise 
there would be danger of its taking fire by the heat of 
my fingers. — I now put it into the receiver, anrt kindle 
it by means of a hot wire. 
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K What a blaze ! I can hardly look at it, -f- 
V any thing so brilliant. Does it not hurt yoW 
roUiie ' 
■f. Yes ; but still I cannot help looking at 
it, A prodigious quantity of oxygen must incieei! be 
Absorbed, when so much light and caloric arc disen- 
gaged 1 

Mr*. B. In the combustion of a pound of phospho- 
TIIB, a sufficient quantity of caloric is eel free 10 melt 
upwai'ds of a hundred pounds of ice ; this has bedii' 
computed l>y direct experiments with the calorimeter. , 
Emily. And is the result of this combustion, Uk^ 
thut of sulphur, an acid i 

Mrs. B. Yes ; phosphoric acid. And had we d*; 
))■ proportioned the phosphonis and the oxygen, th«f 
would have been completely converted into phosphorK 
acid, weighing together, in this new state, exacflJT-J 
the sum of their weights separately. 
have ascended into the receiver, on account of the 
cnum formed, and would have filled it entirely. 
Ibis case, as in the combustion of sulphur, the t 
vapour faimed is absorbed and condensed in the wa1 
of the receiver. But when this combustion is pertc 
ed without any water or moisture being present, 
' acid then appears in the form of concrete whitish fla 
which are, however, extremely ready to melt upon 
least admisdon of moisture, 
Eirrily. Does phosphorus, 
teal air, produce, like sulphi 
same acid ? 

Afrs. B. No ; for it bums in atmospherical air near- 
ly at the same tcmperatwc, as in pure oxygen gas; 
and it is, in both cases^ so strongly disposed to com- 
lane with the oxygen, that the combustion is perfect, 
and the product similar ; only in atmospherical air be- 
ing less rapidly supplied with oxygen, the pi-ocess is 
perfoi'med in a slower manner. 

Caroline. But is there no method of acidifying phos- 
phorus in a slighter manner ; so as to iann fiJmfihorM 
acid i 

Mre.B. Yes, there is. When simply expoBeil to 



^ble ; a ^litish rapour aiises from this coi 
which uniting with water, condenses into liqi 
phoniB acid. 

Caroline. IB it not very singular that ph 
should bum at so low a temperature in atmoi 
air, whilst it does not bum in pure oxyg^en wi 
application of heat ? 

Afri. B. So it at first appears. But this 
stance seems to be owing to the nitrogen gi 
atmosphere. This gas dissolves small particle: 
phoi-us, which being thus minutely divided a: 
ed in the atmospherical air, combines wijh the 
and undergoes this alow combusiiui. But the 
feet does not take place in osygen gas, becaut 
capable of dissolving phosphorus ; it .is ther 
cessary, in this case, that heat should be appli 
feet that divbion of particles, which, in the fi 
stance, is produced by the nitrogen. 

Kmily. I have seen letters written with phi 
which are invisible by day-light, but may b 
the dark by their own light. They look as if t 
written with fire ; yet they donot seem to but 

Mre.B. But they do really bum ; for it is 
slow combustion that the light is emitted ; t 



( 109 ) 



Illy. And the more oxygen is conlaincd in ihej 
phere, diepurerl suppose it Jsestccmed ? 
Jfrs. B. Ceitainly, Phosphorus, when melteo 
'nibines with a great variety of substances. Witi, 
jtlphur it forms a compound so extremely combustij 
^ thai it immediately takes fii'e on coming in comae 
Eth the air. It is witii this composition that the phos 
ioric matches are prepared, "hjch kindle as soon a] 
it^y arc taken out of their case and are exposed tt 

Jimily. I have a box of these curious matches ; t 

li.ive obser\'ed, that in very cold weather, they i 
o'. tjkc fire without being previously rubbed. 

ji Irs. B. By rubbing them you raise their tcmpcrii 
irc ; for you know, friclioiiisoneof the meanaof e 
•i eating heat. 

Kmily. WW] phosphorus combine with hydro 
■is, as sulphur does ? 

J\frx. B. Yea ; and the compound gas which i 
alts from this combination has a smell still moTe fcw| 
Ian the sulphurated hydrogen ? it resembles that 
;:iu'1ic. 

The /Jiosfihwated hydrogen gas has this remarkable^ 
eculiarity, that it takes fii'e spontaneously in the at- 
mosphere at any temperature. It is thus that are pro- 
uced those transient flames, or Hashes of light, called 
J the vulgar WiU'of-t/ie'Ii'is/i, or more properly Jg"^ 
•atui, which are often seen in church yards, and pla« 
fbere the putrefaction of animal matter eJthalea phe 
ihorusatid hydrogen gas. 

CaroHne. Country people, who are so much fiigM 
ned by those appearances, would soon be reconcile 
S ihem, if they knew from what a simple 
irocee<l, 

jflrt. B. There are other combinations of phosplM 
■us that have also very singular propeities, partjcula 
hat which results from its union with lime. 

Jimilij. Is ll.cre any name to diatingidsli the c 
>matioii of two simple substances, like phosphorus ai 
Lirnc, rreitber of which are oxygen, and which thej 
c can produce neither an oxyd iHir an acid.' 
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Mrg, B. The names of such combinations i 
p')sed from tliose of their ingredients, mere 

i i|; blij^ht change in their termination. Thus we 

b - ' r combinuiiun of sulphur with lime a 9ulphurct^ 

Si*;[1 of phosphorus, a //^M/'^orfr q^ //mr. This latl 

'/J' 1 pound, I was going to say, has the singular 

^ •'^■^ of dccomporsing water, merely by being thix 

it. It cdcctb this by absorbing the oxygen o 
in cons(^(iucnce of which bubbles of hydrogen 
ccnd, holding in solution a small quantity of \ 
rus. 

Ewibj, These bubbles then are fiho9fihoratt 
gf^n gas ? 

Mrs. JR. Yes ; and they produce the sing 
pearancc of a flash of fire issuing from water 
bubbles kindle and detonate on the surface of 
tcr, at the instant that they come in contact v 
atmosphere. 

Carolina, Is not this effect nearlv similar to t 

m 

duced by the combination of phosphorus and i 
or, more properly speaking, the /i^os/iAoret of & 

Airs. B, Yes ; but the phenomenon appeal 
cxtraordinar)' in this case, from the presence o 
and from the gaseous form of the cambustibli 
pound. Besides the experiment surprises by ii 
simplicity. You only throw a piece of phospli 
lime into a glass of water, and bubbles of fire v 
mediately issue from it. 

Caroline. Cannot we try the experiment ? 

Mrs. B. Very easily ; but we must do it in tl 
air ; for the smell of the phosphorated hydrog 
is so extremely fetid, that it would be intolerable 
house. But before we leave the room, we nu 
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I 

^Iprliich take fire and detonate as they issue from the 
iimter. 

- Qtroline, There is one — and another. Hew curl- 

k is !— -But I do not understand how this isprodu* 
? 



'^' M^a'. B, It is the consequence of a display of affin* 

^les too complicated, I fear, to be made perfectly in- 

npnijpble to you at present. 

'■/Jn a few words, the reciprocal action of the potash, 
pbd8pKbru39 caloric, and water, are such that some of 

, Ae water is decomposed, and the hydrogen thereby 
-ftmned carries off some minute particles of phosphc* 
'niS with which it forms phosphorated hydroden gas, 
» jCpmpound which spontaneously takes fire at almost 

jpny temperature. 

■ J&nuly, What is that circular ring of smoke which 
Hiowly rises' from each bubble after its detonation ? 
- 3^^9. B. It consists of water and phosphoric acid in 
fUpQUT) which are produced by the combustion of the 
lyr^lfogen and phosphorous^ 



ConfteriBfation viil 
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CqrbonL 



Caroline, 

To-pat, Mrs. B.-— I believe we are to learn the na. 
tare and properties of carbonM. This substance is 
quite new to me ; I never heard it mentioned before. 

Mr8, B. Not so new as you imagine ; for carbone 
is nothing more tban charcoal in a state of perfect pu- 
rity. 



irom II ine simple suDstancc VI question, j 
od by which charcoal is usually obtairKd, i 
commonly called making it ; but, upon ex 
you will find this process to consist simply i 
mg it from other substances with which i 
combinerl in nuture. 

Carbone forms a considerable part af the 
tcr of a.11 organized bodies ; but it is most 
in tbe vcgatuble creation, and it is chiefl 
fiom wood. When the oil and wajer (whid 
constituents of ve^table matter} arc evap 
black, porous, brittle aubsOnce that remaii 

Curoline. But if heat be applied to the 
der to evaporate the oil and water, w^l not ■ 
raturc of the charcoal be raised so as to ma 
and if it combines with oxygen, can we ( 
call it pure t 

Mra. D. I was going to say, that in thi 
the sir must be excluded.. 

CoTBline. IIow then ckh the vapour of 
water fly off? 

Mri. B. In order to produce charcoal it 
state (which is, even thei>, but a less impe 
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)KKoal, such as is used in kitchens and manufactm^ 
performed on a much larger scale, and by an easier 
d less expcnsire process. 
^£iw7(/, I have seen the process of making common 
The wood is ranged on die ground in a pile 
n pyramidical form, with a fire underneath j the 
>Ib is [hen covered with cla)') a few holes only be- 
glcft for the circulation of air. 
Mrs. B. These holes are closed as soon as the wood 
' ^ fnii'ly lighted, so that the combustion is checked, or 
^■t least continues hut in a very imperfect manner ; but 
'^Vie heat produced by it is sufRcient to force out and vola- 
*^i.li2e, through the earthy cover, most part of the oily 
^Tid ■watery principles of the wood, although it cannot 
^'sduce it to ashes. 

£wily. Is pure carbone as black as charcoal ? 
[," JMr*. B. The more charcoal is purified, tl\at is to 
:arer it approaches to the state of simple 
JdCi the deeper its black colour appears ; but the 
^oal efforts of chemical art, are not able to bi'ing it 
s perfect elementary state ; for in that stale it is 
li coltmrless and transparent, and as different in ap- 
ince from charcoal as any substance can possibly 
This ring which I wear on my finger, owes its 
Ejlliancy to a small piece of carbone. 

CaroSne. Surely you arc jesting, Mrs. B. ? 
'^Mmibj. I thought thiit your ring was diamond ? 

Alrt. B. It is so, Bm diamond is nothing more than 
CBibone in its purest and most perfect state. 

Mrmly. That is astonishing ! Is is possible to see 
10 things apparently more different than (Hiiraond and 
rcoal ? 
^'Caroline. It is, indeed, curious to think that we 

n ourselves with jewels of charcoal ? 
' Afr«. B. When you are belter acquainted wilb the 
■eof chrystalization, in which state bodies are gen- 
iHy the purest, you will moiu vcJidiiy conceive the 
potsibiliiy of earbofie assumijig the transparency and 
Oi'illiancy of diamond. 

There are many other KiibatanccH) cotisisliilg C 
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are remarkably white. Cotte^l 
instance^ ia almost wiiolly carbone. 

Caroline. That, I own, 1 could ne%er have 
ed ! — But pray. Mre. D. Since it is know of what wk ] 
' iftuice diamoBd and cotton are compoeed. vliy » 

By not be munafaciurcd, ot' imitbitcd, by soinechen- I 

i] process, which would render tliem much chc«{n I 

e plentiful than the i>rcsent i&odc uf ahtuniif 1 

Aire. B. You might as wcU my dear propose ill 
t should muke llowei's and frtiit, nay perhaps VfU- 
lals, by a chemical procedG ; Ibrit isknown of irbu 
bodies cousiBt, since every tluog uhich we * 
inted with in nature, is (brmed from the nra 
ttple substances that we have enumerated. Ciit, w 
It not suppose that » knowledge of die com[MKV 
Cs of a body will in every case enable us to tnutste 
ll is much less difficult to decompose bodies, said 
■cover of what materials tliey are made, than it iitD 
pcomposethem. Tbe first of these processes isuD- 
1 analyek, the last stpUliFms. 'When ivs arc able U 
certain the natui'c of a substance by both these B_ 
K^ods, so that the result of raie confirms that of the 
other, we obtain the nioflt complete knowledge oTit 
that we are capable of acquiring. This is the cu 
with water, wiili the atmosphere) with most of l(._ 
oxyds, acids, and neulMl salts, and with many oibcr 
compounds. But the more complicated comUnatiMB 
of nature, even in the mineral kingdom, are in gene* 
ral beyond oiu' reach, and any attempt to imitate organ- 
wed bodies must ever prove fruitless j their braiaiioa 
is a secret tiiat rests in the bosom of the Creator. Yw 
see, therefore, how vjiiii it would be to attempt the form- 
alionof cotton by chemical means. But, surclyj we 

(have no reason to regret our inability iu this inslancci 
■hen nature has so ctearly pointed a method of d>- 
puning it in perfection and abundance. 
Caroline. I did not imagine, tliat the piiuciple c£ 
te fife could be imiuted by the aid of chemistry ; butk 
L -"-■--,( appear to me ridiculous to suppose tltat chenUfitK 
a perfect imitation of inanimate nature. 
They hare succeeded in this point b > 
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vnricty of instances ; but, as j-ou jualy observe, Uie 
pi-inaple of life, or even t!ie minute and intimate or- 
g;aniEaiion of the vegetafilc kingdom, aie secrcia that 
fcinve almost eotii'ely eluded the researches of philoBO' 
pliers ; nordo I im^ine that human art will everl>e 
=apal>le of investigating them with complete success. 

Jivuly. But diumond, liince it consists merely of one 
Bunplc unorganized substance, might be, one would 
Ktiink, perfectly imitable by art ? 

Mrs- B. It is soBictimes as much beyond our powei; 
to abuun a simple body in a state of perfect puiity, us it 
Ks to imitate a complicated combiuatioti ; for the upeiii- 
KioHS by which iwturc decomposes btiJies are frequent- 
ly as inimituble as those which she uses for their com- 
bination. This is the case with carhone \ uU the cf- 
tbrts of chemists to separate it entirely from other sub- 
Btiinccs, have beeii fniitless, and in the purest state in 
■^«hich it can be obtained by an, it still retains a portion 
«>f oxygen, and probably of some other foreign ingre- 
dicTtts. It is in the diamond alone, as I hare observeJ 
tjefore, that catbone is supposed to exist in its perfect 
■brm ; we are ignorant of the means which nature em- 
j»Ioys to bring it to that state ; it may probably be Ihe 
-vork of ages, to purify, an-ange, and unite the parti- 
cles of carbone in the form ol' diamond. And with re- 
gard to our ertifirial carbone, which we call charcoal, 
^^ve mustconaider it asan oxydof carbone ; since, what- 
ever may be the means employed for obtaining it, it 
always retains a small portion of oxygen. Here is 
some charcoal in the purest state \re can procure It : 
you see that it is a very black, brittle, light, porous 
a\ibstancei entirely destitute of either taste or smell. 
Heat, without air, produces no alteration in it, 
XH3t volatile ; but on the contnu'y, it invariably ri 
at the botiunv of the vessel after all the others parts 4 
Xhe vegetable are evaporated. 

Jiniily. Cai'bonc is, no iloubt, combustible, a 
yovi say that charcoal would absorb oxygen if 
wdmiiled during its preparation ? 

Caroline. Unquestionably. Besides, yoti know, Em- 
ily, how much it is tiscd incookinE- But pray what is 



Very true ; but yon must n 
charcoal, especially that which is used I 
purposest is very far from being pure. It a 
tains, as we have seen, not only a smalll 
oxygeD) but also some remains of the ^ 
component parts of vegetables, and liydrcM 
larly, which accounts for the flame in qiicsj 

Caroline. But what becontes of the ca 
duiing its combustion .' 1 

Afn. B. It gradually combines with thj 
the atmosphere, in the same way as sulphd 
phorus, and, like those substances, it la cd 
A peculiar acid, which flies off in a gal 
There is this diflerence, however, that thd 
in this instance, as in the two cases just d 
mere condensable vapour, but a permanenll 
which always remains in the state of gaM 
pressure and at any temperature. The ot 
acid was first ascerti.Ined by Dr. Bbck^ of 1 
and, before the introduction of the new nq 
(t was called^f d oiV. It is now distingul 
more apprc^riaic name of carbonic add goal 

Emly. Carbone, then, can be ^-oUtilizd 

ing, though, by heat alone, no such effect iJ 

^^ M^s._M^ Yc& ; . but^then it is no loB«eU 
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m^t£mi/y. That is true ; we may conceive llie basis of 
!Vie oxygen, and of tlic olhcr gasses, to be solid, heavy 
KubstanceSi like carbone j but so mucli expanded by 
:::=aIoric, as to become invisible. 

Caro/inr. Rut does not the carbonic acid gas partake 
□f the blackness of charcoal ? 

Mrs. B, Not in the least. DIackness, you know-, 
cJoes not appear to be essential to carbone, and it is pure 
crarhone, and not charcoal, thai we must consider as 
Che basis of carbonic acid. We shall make some car- 
bonic acid, and, in order to hasten the process, we 
. iijll bum the carbone in oxygen gas. 

I-iiii/y. But how Eanjou make carbonic acid, un- 

-.1 you can burn diamontl ; since that alone is pure 

Mrs, B. Charcoal will answer tlie purpose still bet- 
ter ; for the carbone being, in that state, already com- 
bined with some poiTion of oxygen, it will require less 
of that principle to complete its oxygenation. 

Caro/iiie. But is it possible to bum diMnond 

Mrs. B, Yes, It is ; and, in order to effect thia i 
busiion, nothing more is rccjuircd than to apply 
cient degree of heat by means of the blow-pipe, and of 
» stream of oxygen gas. Indeed it is by burning dia- 
mond that its chemical nature has been ascertained. It 
is, lung since it has been known, as a combustible sub* 
stance, but it is within these few years only that the 
pi-oduct of its combustion has been proved IQ be pure 
carboiue acid. This discovery is due to Mr. Tennant, 
3ut still more recent expeiimcnts liave shown, that 
diamond requires a greater proportion of oxygen llian 
charcoal to be converted into carbonic acid. It appears 
that 13 parts of diamond require 85 parts of oxygen to 
form KiOpartsof cuiHxinicEicid i wliilst 28 parts of char- 
coal take up only 73 parts of osygen to produce lOo 
parts of cai4)onic acid ; (Vom which it is naturally in- 
ferred that carbone, in the state of charcoal, is already 
combined with a portion of oxygen. 

Now let us try to make some carbonic acid. — Will 
you, Emily, decant some osygen gas from this [arg« 
jar into the receiver in which we are to \n.\w the 
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'. B, Because carbonic acid gas is more dense, i 
Consequently occupies less space than oxygen gas j 
water therefore rises to fill the vacuum formed by 
;Iiminution of volume of the gas. i 

troHne. That ig very clear : and the condensation 
c new gas depends, I suppose, on the quantity of- 
■ic tliat has Ijeen disengaged. . 

W. B. The gas must be decreased in volume, 

iliat circumstance, in a certain proportion ; but 
(isity 13 still further increased by thearlditbn of the 
ine. Bui besides this condensation) there is in our 
linient another cause of the diminution of volume, 
) is, that carbonic acid gas, by standing over wa- 
s gradually absoibed by it, an effect which is pro- 
3 by shaking the receiver. 

lilif. The charcoal is now estingoished, though 
lot nearly consumed ; it has such an extaordinaiy 
y for oxygen, 1 suppose, that the receiver did not 
n enough to satisfy the whole, 
a. B. I'hat is certainly the case ; for if the com- 
n was peiformed in tlie exact proportions of 38 
of carbone to 72 of oxygen, both these ingredi- 
*o»dd disappear, and lou parts of carbonic acid 
be produced. 

dine. Carbonic acid must l>e a very strong acid, 
t contains so great a proportion of oxygen ? 
f. -B. That is a veiy natural inference ; yet it is 
ions. For the carbonic is the weakest of all the 

The strength of an acid seems to depend upon 
lure of its basis and its mode of combination, as 
8 upon the propoi'tion of the acidifying principle, 
imc quantity of oxygen that will convei't some , 
into strong acids, will only be sufficient simply to 
e others. 

)line. Since this acid is so weak, I think chem- J 
ould have called it the rardc<nt>us, instead of the J 
c acid. 1 

!u. But, I suppose, the carbonous add is still | 
■, and is formed by burning carbone in atmosphe- 

^il. No, my dear. Carbone does not ap- 
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pear to be stuccptible of more tbast one degree iC 
ackUficaikm whether butm in oxygen gas, or mm- 
pherica] ajr. There is therefore no carbonous add. I 
It has indeed been lately (Uscovered, that carfaoneHf 
be umieiied into a gas, by uniting with a ampler ft 
portion of oxygen ; but ai this gas does not poatm^ 
acidproperiiesjitisnoinore thanan osyd ; Bodinoida 
to disiinguisb it from charcoal, which contiuns ind 
smaller proportion of oicygen, it is called gtunmOXft 
qftarbcme. 

Caroline. Pray is not carbonic acid a very '«M 
some gas to breathe, as it contains so much oxygen! 

Atr», B. On the contraty, it is c>,ti'cmely pctl£ 
cious. Oxygen, when in a slate of combination "^* 
other substances, loses, in almost every instana 
respirable properties, and the salubiious cRccts t 
it has on the animal economy when in its unconiln|l 
state. Carbonic acid is not only unfit for respiraliomU 
extremely deleterious if taken into the lungs. 

Enulij. You know, Caroline, bow very unwholesow 
the fumes of burning charcoal aic reckoned. 

Caroline. Yes \ but to confess the truth, I did T* 
consider that a chai-coal fire produced carboiuc >^ 
^s, — Pray, can this gas be condensed into a Uqiud! 

Mra. B. No : for, as I told you bcforci it is a penO' 
lent elastic fluid. But water can absoi'd a certainqiw 
dty of this gas, and can even be impregnated wiAfc 
in a very strong degree, by the as^stance of agioflri 
and pressui-e, as I am going to show you. I s^l db- 
cant some carbonic acid gas into lliis bottle, which 1 
fill first with water, in order to exclude the atmosphfl- 
ical air ; the gas is then introduced through tlie watft 
whicb you sec it displaces, for it will not mix wilhitiii 

tany tpianiity unless strongly agitated, or allowed w 
Stand over it for some time. The bottle is now aboK 
half full of carbonic acid gas, and the other half is (A 
occtipicd by the water. By corking the bottle, nt 
then violently shaking it, in this way, I can mix dK 
gas and water together. — Now will you taste it ! 
Kniily. It has a distinct add taste. 
Carallnc. Yes, it is sensibly sour, and appears fldl 
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i little bubbles. 

Jtfrs. B. It possesses likewise all the other pro 
s of acids, but of course in a less degree than lUi 
ire carbonic acid gas, as it is so much diluted by wa- 

This is a kind of artificial Seltzer water. By analy- 
ig that which is produced by nature, it was found to 
otaiii scarcely any thing more than common waM 
ipregnated with a certain proportion of carbonic 
IS. We are, therefore, able to imitate it, by mixii _ 
ose proportions of water, and carbonic acid. Hci'e, 
y dear, is an instance, in which, by a chemicu! pro- 
;ss, we can exactly copy the operations of natiire ; for 
e artificial Seltzer waters can be made in eveiy ves- 
^t similar to those of nature i in one point, indeed] 
'e former have an advantage, since they may be pre?' 
u%d stronger, or weaker, as occasion requires. 

Ctiraline. \ thought I bad tasted such water 1 
Ut what renders it so brisk and sparkling I 

Mrs. B. This sparkling, or effei vescencc, s 
kited, is always occasioned by the action of an clasiitt' 
aid escaping from a liquid ; in tlie artiiical Seltzer wa- 
IT it is produced by the carbonic acid, which being 
ghterthan the water in which it was strongly conden- 
[d, flies off with great rapidity the instant the bottle is 
ncorked i this makes it necessary todrink itirnmedi- 
:ely. The bubbling thai took place in lliis bottle was 
III trifiing, as the water was but vei7 slightly impreg. 
ated with carbonic acid. It requires a parrtcular ap- 
amtus to prepare the gaseous artificial mineral waters, 

£mily. If, then, a bottle of Seltzer water remains 
M" any length of time uncorked, I suppose it returns 
the state of common water i 

Mrs. B. The whole oftlie carbonic add gas, or very 
leariy so, ■nill soon disappear ; but tlterc is likewise in 
Idlzer water a very small quantity of sotla, and of a few 
ither saline or eaithy ingredienis, whidi will remain 
ri the water, though it should lie kept uncorked for any 
BDgth of time. 

Caroline. I have often heard of people drinking soda^ 
rater, pray what sort of water is that i 
M 
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Mrt. B. bisakJBdafai 



Jiht. ^. A gas we may 

jodkial to breadie, inajr bel 
But k would be of no use to al 
faOj at pceseot. 

CuroSne. Are waters nei 



J^. B. Yes ; there an 
waters. I fi>rgot to tell yeu 
jears past been prepared, i 
gen and hydrogen gasses. 
of natare, but are ahogetber • 
They have been lately use 
abroad, where, lunderstanc 
reputation. 

£fmly. If I recollect rig 
carbone was capable of deo 
ity between oxygen and carl] 
ter than between oxygen an 

Mrs. B. Yes ; but this 
temperature be raised to a 
when carbone is red hot, t 
ting the oxygen from the h 
quantity of water be thrown 
crease, rather than extingui 
coals or wood (both of whic 
of carbone) decompose the 
fire both with oxygen and h] 
contrary, a large mass of wi 
the diminution of heat thuj 
combustible matter loses th( 
water, and the fire is exting 

Emily. I have heard tl 
nore harm than good, an 
fire when they cannot 
ih it. It must be owl 



of the natei" by ihe curboue during the Confla^^^H 

R\t. B. Certuinly. — The apparatus which you set ^^| 
' ^Plate VIII. Fig. 20.J may be used to eseinpllfy 
t: we have just said. It coDsists in a kind of open 
a.ce, through which a porcelain tube, containing 
[■coal, passes. Tionc end of the tube is adapted a 
>a retort with water m it ; and the other end com- 
olcates with a receiver placed on the water bath. A 
ip being applied to the retort, and the water made 
txiil, the vapour is gradually conveyed through the 
L hot charcoal, by which it is decomposed ; and the 
drogen gas which results from this decomposition is 
llected in the receiTcr. But the hydrogen ihusob- 
4Wd is far from being pure ; it retains in solution a j 
inute portion of carbone, and contains also a quantityJ 
carbonic acid. This renders it heavier than puil>ia 
■drogen gas, and gives tt some peculiar propertied ^ 
is distinguished by the name of carimaled hydrosai 

Caroline. And whence docs it obtain the carbonie[^ 

id that is mixed with it ? 4 

EtaUy. I believe I can answer that question, CaroU^ 

;.— From the union of the oxygen (proceeding fro 

s decomposed waterj with the carbone, which, y^ 

[>w, makes carbonic acid, 

Carolme. True; I should have recol Ice led that. 

le product of the decomposition of water by red 

Eircoal, therefore, is carbonated hydrogen gas 

rbonic acid gas. 

Mrs. B, You are perfectly right now. 

:arbone is frequently found combined with hydrog* 

a state of solidity, especially in coals, which — 

;ir combustible nature to these two pnTiciples, 

Jlmily. Is it the hydrogen, then, that produces 

me of coals I 

Mra. B. It is so; and when all the hydrogen ia 

nsumed, the carbone contiiiues to bum without 

me. But again the hydrogen gas produced by the 

mbustion of coals is not pure ; for, duiing the com* 

.stion, particles of carbone arc successively volatilis 
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with thchydrogeni with which ihey formw 
a Aydro-carbonote, which U the essential o 

Car1>oiieisa vetyhod conductor of heat; 
reason it is employed (in comj unclinn with other i 
cnts) fbrcoatingrumacesand othercheinicalBp] 

Enaly. Pray what b the use of coating fums 

Mn. B, In most cases, in which a furnace 
it is necessary to produce and preserve a gi-eat 
of heal, for which purpose every possible me 
used to prevent the heat from escaping by comi 
ling n'ilh other bodies, and tliis object b atia 
coating over the inside of the fniiiace with b. 
plaster, composed of materials that a 
of heat, 
Carbonc combined with a small quantity d 
■ compound called plumbago* or black leaJ 
pencils are made. Tlus substance, agrees 
nomenclature, is a carburet of iron. 

Caroline. Why, then, is it called black lead 

Mri, B. I really cantwt say; but it is certain! 
improper name for it, aa there is not a porticl 
in the composition. There is another carburet 
though united only to an extremely small pi 
of carbone, acquires very remarkable pro 
is »eel. 

Caroline, Really ; and yet steel ij 

Mt».B. But carbone is not ductile, lilifii 
therefore may render the steel more brittle, ; 
vem its bending so easily. Whether it is thai 
bone by hitroducing itself into the pores of 
and by filling them, makes the metal both hi 
heavier ; or whether this cliange depends up 
chemical cause, I cannot pretend to decide. 1 
is a subsequent operation, by which the bar 
steel is very much increased, which simply o 
heating the steel uU it is red hot, and then pi 
into cold water. 

Carbonc besides the combination just menti 
ters into the composition of a vast number < 
produglionii, such, for instance, as afl the yarit 



small pi 
proMg 
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, irliich result fi-otn the combination of carl 
KtgcD) and caloric, iii various propoitioiis. 

I thought tliat car)»ne, hydroyen, aiid 
, formed carlxjnated hydrogen gas ? 
Mrt, B. Thut is the case when a small poriion of 
Carbonic acid gas is held in solution by hydrogen gas. 
r^lfTerent proportions of the same principles, together 
r li the circumstances of ihcir union, produce very 
Ici'ent combinations ; of this you will see innumero- 
->|i' examples. Besides we are not now talking of gas- 
^cs> but of cai'bone and hydrogen, combined only with 
». quantity of caloric suHicicni to bring them to the con- 
sistency of oil or fat. 

Caralins: But oil and fat are not of tbe same consis- 
tence? 

. Mrs.B. Fat is only congealed oil j or oil, melted 
Eit- The one requires a little more heat to maintain it 
Sn a fluid state, than the other. Have you never oh- 
Kcrvcd the fat of meat turned to oil by the caloric it has 
Smbibed from the fire i 

Mmily. Vet oils in general, as salad oil, and lamp 
«jil, donot tum to fativhcn cold ? 

JSL-g. B. Not at the common ti*perature of the 
mosphere, because they retain too much calorii 
geal at that temperature ; but if exposed to a sufRcient 
degree oi cold, their latent heat Is extricated, and they 
become solid fat substances. Have you never seen 
sul^d oil frozen in winter t 

Mmity. Yes ; but it appears to tne in that state very 
diflerent from animal fat. 

Mr*. B. The essential constituent parts of either 
vegetable or tiiiimal oils are the same, carbone and hy- 
drogen i their vaiiely arises from the different propor- 
liona of these substances, and from other accessnry in- 
gredients that may be mixed with them. The oil of 
'whale, dud the oil of roses, are, in their cssendal 
stitueut parts, tlie same ; but the one is imprcgnal 
with the otlensiv^ particles of animui matter, the 
with the delicate perfume of a flower. 

The difference of ^'frf ei'ds, and volatile ov etstn&il 

•Us, consist also in llie various proportions of carbone 

M J 
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&Mfl^. When 70a saf that coeUnd of 
ome, Midtbeadm be daeonqnse^ jau 
poae, bjr the appBcatioD of beat i 

Afn. B. Not necesaarilf ; br diere 
iriO evaporate slowly at tbe 9ominoa tm 
the atiDospbere ; but for a more TwatA vcdi 
br tbeir decompositun, tbe asusKmce o 
quired. 

Cira£nr. I shall now renumber, I d 
Mid ml are realty the same substances, ca 
of caibcne and hydrogen ; that in fixed 
hooe prep<»derates, and heat produces i 
tion ; while, in eueoiial oils, the propor^ 
gen is greater, and heat produces vtdatilizi 

Enuhf. I suppose the reason why oil 
in lamps, b because its two consthueDte 
bustible ? 

Mr*. B. Certainly ; the combi3stion < 
Ae same as that of a candle ; if tallow, : 
in a concrete state ; if ivax, or tarmac 
chemical ingredientB are still hydrogen ani 

Etnily. I wonder, then, there should \ 
difFerence between tallow and wax ? 

Mr*. B. I roust acrain repeat that the s; 
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a candle, and that of a lamp, both produce water and 
carbonic acid gas. Can you tell me how these are 
formed ? 

Emily. Let me think Both the candle and 

tamp bum by means of fixed oil — this is decomposed 
as, the combustion goes on ; and the constituent purts 
of the oil being thus separated, the carbone unites ta 
a portion of oxygen from the atmosphere to form car- 
boitic acid gaS) whilst the hydrogen combines whh 
another portion of oxygen, and forms with it water. 
The products therefore, of the combustion of oils, are 
w^ter and carborac add gas. 

CaroHnr. But we see neitlier water nor carbonic 
ncid produced by the combustion of a candls ? 

Mrs. B. The carl-onic acid gas, you know is invisi- 
ble, and the water being in a state of vapour, is so like- 
wise. Emily is perfectlj^ connect in her explanation, 
end I am very much pleased with it. 

All the vegetable acids consist of various proportions 
of carbone and hydrogen, acidified by oxygen. Gums, 
sugar, and starch, are likewise composedof these in- 
greclienta j but as the oxygen which they contain is not 
suSicient to convert them into acids, they arc classed 
with the osyds, and called vegetable oxyds. 

Emily. I am very much delighted with all these 
new ideas ; but at the same time, I cannot help being 
apprehensive that I may lorget many of them> 

Mrs. B. I would advise you to take notes, or, what 
would answer better still, to write down, after every 
lesson, as much of it as yoo can recollect. And, in 
order to g^ve you a little assistance, I shall lend you 
the heads or index, which I occasionally consult for 
llie snke of preserving some method and arrangement 
in these conversations. Unless you follow some such 
plan, you cannot expect to retain nearly all that you 
learn, how great soever be the impression it may make 
lon you at first. 

Emily. I will ceitainly follow your advice,— Hither. 
to I have found that I recollected pretty well what yqa 
have taught us ; but ihe history of carbone ' 
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yMn. BL Ccftunty ; it is die basisy joo 1 
ef allTegclable nBtiar ; and joa viD find 
ycnr c aa c Mt iJ to tlic process of anJnwiliiatiop 
the mioefal ki ug d um aho^ particuIaTiy in ic 
carfxmic acid, we shall often ^scorer it comb 
a great Tarietv of substances^ 

In chemical opeiatioDS, caibaie is pardci 
filly from its venr great attraction for oxygen, 
absorb this substance from many oxygenate< 
bodies, and thus deoxygenate, or unlnam t 
restore them to their original combustible stal 

CartjBnt. I do not understand how a bod 
unbumtj and restored to its otiginal state. 1 
of tinder, for instance^ that has been bomt, 
means the oxygen was extracted hom it^ woi 
restored to its former state of linen ; for its t 
destroyed by burning, and that must be the < 
all organized or manu&ctured substanceS) a 
served in a former conversation. 

Mrs, B, A compound body is decomposer 

; busdon, in a way which generally precludes 

I bility of restoring it to its former state ; the ox 

i>ll instance, does not become fixed in the tine 

ifj combines with its volatile parts, and flics c 
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■Jhajl say nothing fiirther of this at present, as the ti 
tals will (timish ample subject For another morning ; 
and they aie the class of simple bodies thai come next 
under our donside ration. 



Contjensation ix. 



Mrs. B. 

The metals, which we arc now to examine, are 
Iiodies of a very different nature from those which we 
liavc hitherto considered. They do not, like the e!e- 
"xnents of gasscs, elude the immediate observation of 
«)ur tenses : for they are the most brilliant, the most 
-ponderous, and the most palpable substances in nature. 
Caroline. I doubt, however, whether the metals will 
appear to us so interesting, and g^ve us so much enler- 
lainment as those mysteiious elements which conceal 
themselves from our view. Besides, they cannot af-- 
ford so much novelty j they are bodies with which we 
are already ao well acquainted. 

Mrs. B. But the acquaintance, you will soon per. 
ccive, is but very supci'fici.il ; and I trust that you will 
End both novelty and entertainment in considering the 
metals in a chemical point of view. To treat of this 
subject fully, would require a whole course of lectures ; 
for metals form of themselves a most important branch 
of practical chemistry. We must, therefore, confine 
ourselves to a general view of them. These bodies 
are seldom found natT.irally m their metallic form ; they 
are generally more or less oKygenated or comhined with 
sulphur, earths, or acids, and are often blended will 
«acholUer. They are found buried in the bowels" 
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the earth in most parts of the globe, hut c 
momnaitions districts, where the surface of tlw ^ 
has suffered fram earthquiikes, volcanoeis and ^ -^' 
convulsions of natui'e. They are there spread in SM itig 
oi' beds, called veina. and these veins are compot^ >ni 
B certain quantity of metal, combined with vimi k 
earthy substances, with which they form minenbi ^ 
difle rent nature aud appearance, which are calleilm ^ 

Caroliiii:. lam now amongst old acquainum** fcti 
my father has a lead mine in Yorkshire, aniltol ti 
heard a great deal about veins of ore, and of ihcrMlF »; 
ing and smelling of the lead ; but, 1 confess, thai IN ^i 
not tinderstand in what these opei'ations consist. t in 

Mrs. B. Roasting istlie process by which dicw Bi 
tile pans of the ore are evaporated ; smelting, UiBf {' 
which the pure metal is afterwards separaied (tva^ 
earthy remains of the ore. This is done by tbtcMf 
the whole into a furnace, and mining with 'tt C«iw 
substances, that will combine with the earthy paitSid 1 
other foreign ingredients of the ore j the meialbd[l 
the heaviest, falls lo the bottom, and runs out hypn?*'!' 
openings, in its pure metallic state. 

ETmly. You told us in a preceding lesson that B 
tals had a strong affinity for oxygen. Do they n 
therefore, combine with oxygen, when strongly bw^i 
in the furnace, and run out in the state of oxyds ! 

Mrs. B, No ; for the scorjae, or osyd, whicbaB; 
forms on the surface of the fused met:>l, wbenhlf' 
oxydable, prevents the air fium having any furtherlD' 
iiuencc on the mass ; so that neither combuslionBtt 
oxygenation can take place. 

Caroline. Arc all the metals combustible ? J 

Mrs. B. Yes, without exception ; but their attuD' 
tion for oxygen varies extremely : there are some thi 
will combine with it only at a very high temperatut% 
or by the assistance of acids ; whilst there areodieil' 
that osydate of themselves very rapidly, evai at the' 
lowest temperature, as manganese, which scnreclf 
ever exists in its metallic state, as it immediately «I^ 
I sorbs oxygen on being exposed to the air, at^MH 

^1 bles to an oxyd in the course of a few hours. ^flH| 
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I. Is it not fi'om that oxyd that you extracted 
gen gas! 

B. It is ; so that, you see, this metal attracts 
at a low temperature, and parts with it when 

t. Is there any other metal that oxydates at the 
iturc of the atmosphere ? 
B. They all do, more or less, excepting g 
nd platina. 

er, lead, and iron, oxydate slowly in the air, and 
leniselves with a sort of rust, a process which 
i on the gradual conversion of the surfoce into 
I. This rusty surfiice preserves the interior 
cm oxydation, as it prevents the air from com- 
onlBct with it. Strictly speaking, however, the 
st applies only to the oxyd, which forms on the 
of iron, when exposed to air and moisture, 
ixyd appears to be united with a small portion of 
:acid, 

/. When metals oKydate from the atmosphere 
an elevation of temperature, some light and 

suppose, must he disengaged, though not in 
It quantities to be sen»bie. 
B, Undoubtedly ; and, indeed, it is not sur- 
that in this case the light and heat should not 
lible, when you consider how extremely slow, 
ieed, how imperfectly, most metals oxydatc 
; exposure to the atmosphere. For the quan- 
axygcn widi which metals are capable of com- 

generally depends upon their temperature ; 
absorption stops at various points of oxydation, 
ng to the degi'ee to which their temperature is 

y. That seems very natural j for the greater 
iiitity of caloric introduced into a metal, the fur- 
particles are separated from one another, and 
ire easily, therefore, can they attract the oxy- 
] combine with it. 

, B. Certainly ; and besides, hi proportion as 
^mce diminishes on one hand, the affinity in- 
Bl the other. Wlien the metal oxygenates 
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wiA sufiicient rapidity for light and litat tobi 
sible, combustion actually takes place. But ihiil 
pens only at very high temperatures, and the pni 
is nevertheless an oxyd ; for though, a,s 1 hare juttl 
metals will combine with diflerent proporticmso(< 
gen, yet, with the exception of only five of thcmjl 
are not susceptible of acidification. 

Metala change colour during the difTerenl degtw 
oxydation which they undergo. Lead, when heaiei 
contact with the atniosphere, first becomes grey ! il 
temperature be then raised, it turns yellow, atid » 
stronger heat changes it to red. Iron becomes sue 
sively a green, brown, and white oxyd. Copper cha 
from brown to blue, and lastly green. 

£mi/y. Pray, is the white lead with which ho 
are painted prepared by oxydating lead ? 

Mre. B. Yes ; almost all the metallic osjdi 
used asp^nts. Red lead is another oxyd of thai 
tal. The various sorts of ochres chiefly consiatof 
more or less osydatcd. And it is a remarkable cir 
stance, that if you bum metals rapidly, the \ 
flame they emit during combusdon partakes ( 
colours which the oxyd successively assumes. 

Caroline. How is that accounted for, Mrs. B. 
light, you know, does not proceed from the Ix 
body, but from the decomposition of the osyger 
I hope you have a satisfactory answer to give n 
I am under some apprehensions for my Favouiiie 
ry of combustion j and for the world I would do 
it overthrown. 

Mr». B, Do not be alarmed, my dear ; 1 
think it was ever supposed to be in danger from tl 
cumstance. The correspondence of the colour 
light with that of the oxyd which emits it, b, 
probability, owing to some particles of the metal 
are volatilized and carried off by the caloric. 

Caroline. It is then a sort of metallic gas. 

JEndly. Why is it reckoned so tinwholeto 
breath the air of a place in which metals are mel 

Mrs. B. For this double reason, that most 
in melting oxydate more or less at their smftc 
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' diminish ihe purity of the air ; but more es- 
I because the particles of the oxyd that arc vola- 
by the heat, and breathed with the air of the 
re very noxious. This is particularly the case 
nd wid arsenic. Besides the large furnaces that 



lired for these fusions, t 
the salubiity of the aii 



tribute also materially 
I tliose places where 



als ; it ivotild require tli 
hem bum in the common 



of the combuBfian 
heat of a furnace to 
lir, but if we supply 
of oxygen gus, we may easily ac- 
sh it. 

fine. But it will still, I suppose, he necessary 
; degree to rjise their temperature j for tlie oxy- 
II not be able to peneti-ate such dense substances, 
the.; aloric forces a passage for it. 
. B. This, as you shall see, is very easily done, 
larly if the expeiiment be tiied upon a small 
-I begin by lighting this piece of charcoal with 
idle, and then increase the rapidity of its com' 

by blowing upon it with a blow-pipe, (Plate 
iff. 21,; 

'.y. That I do not understand ; for it is not eve- 
I of air, but merely oxygen gas, that produces 
ition. Now you said tliat in breathing we in- 

bui did not eKpifc, oxygen gas. Why, therc- 
hould the air which you breathe ilirough the 
ipe, promote the combustign of the charcoal ! 
, Q. Because the cdr, which has but once pass- 
lUgh the lungs, is yet but little altered, a small 

only of its oxygen being destiayed ; so that a 
leal more is g^ncd by iuci'casing tlie rapidity of 
rent, by meaf s of the blow-pipe, than is lost in 
uence of the air passing once tlirougb the hingsj 
shall see— . 

PLATE IX. 
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EttSI-j, Yes, iiu!ecd ; it makes the cbaran] 
much brighter. 

Mrt. B, Whilst it is red hot^ I shall drop sgd 
filings en it, and supply them with a current of a 
gas, by means of ttus apparatus (Flate IX. /?j 
Aihich consits simply of a closed tin cylindrical \ 
full of oxygen gas, with two apertures and stO[H 
bv one of which a stream of water is thrown lot 
vessel thLX)ugh a long funnel, whilst by the othi 
gas is forced out through a blow-fape adapted to 
the water gains admittance. — Now that I poor 
into the funnel, you may hear the gas issuing frn 
blow pipe — I bring the charcoal close to the ca 
and drop the filings upon it.— • 

CarclzTir. They emit much the same wid Ii| 
the combustion of the iron wire in oxygen gas. 

Mrs. B, The process is, in &ct, the same ; 
is only some difference in the mode of conduct 
Let us bum some tin in the same manner^ 
that it is equally combustible-Let us now try som 
per^ 

Caroline, This bums with a greenish flame : 
suppose, owing to the colour of the oxyd ? 

Ennly, Pray, shall we not also burn somegs 
Mrs. B. That is not in our power, at least 
way. Gold, silver, and platina, are incapable c 
oxydated by the greatest heat that we can produa 
common method. It is from this circumstsui 
they have been called perfect metals. Even these 
ver, have an affinity for oxygen ; but their oxyd 
combustion can only be performed by means i 
tricity. The spark given out by the Galvanic P 
duces in the point of contact a greater degree 
than any other process ; and it is at this very hij 
l^erature only that the affinity of these metals for 
uill enable them to act on each other. 

I am sorry that I cannot shew you the combu 
the perfect metals by this process, but it require 
sidcrable Galvanic Battery. You will, howevc 
^lu'se experiments performed in the most pcrfe< 
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u attend llie chemical leclurca of the Roy. 

I think you said that the oxjds of raetala 
sred to their metallic state ? 
'Yes; (his is called r(-twwn^ a metal. Mc- 
in general capable of being revised by char- 
en heated red hot, charcoal having, at that 
sircj a greater attraction for oxygen than the 
PJbu need only therefore, decompose, or iin. 
MCyd, by tlepriving it of its oxygen, and the 
Pl>c restored to Its piu'e state. 
'* But will the carbotic, by this operation, be 
id be converted into carbonic acid ? 
9. Certainly. There are other combustible 
!Sto which metals at a high temperature wilt 
rtteir oxygen. They will also yield it to each 
prtling to their several dejjrces of attraction 
if the oxygen goes into a more dense state 
^vhich it enters, than it existed in that which 
proportional disengagement of caloric will 

And cannot the oxyds of gold, silver, and 
bh are formed by means of the electric 
bced to their metallic stale ? 

BVea, they may ; but the intervention of a 
body is not required ; heat alone will take 
&om them) convert it into a gas, and revive 

Sou said that rust was an osyd of i ron ; how 
that water, or merely dampness, produces 
I, you know, it very fi-equcutly does on steel 
)r any iron instruments. 

B, In that case the metiil decomposes the 
ft dampness (which is nothing but wjterin a 
P^our}^ and obtains the oxygen from it. 
El thought that it was necessary to bring me- 
^y high temperature lo enable them to decom- 
er- 

(. It is so, if it ifi required that llie process 
i performed rapidly, and if any considerable 
a tn be decomposed. Rust you know is some- 
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'^MeF, !b there no 
heat i 

Mr». B. No ; because the oxygen esi 
a dense state in water ; and the porlion o 
it pans witU combines \vith the hydrogen 
into a gas. 

MTtiily. Are all metals capable of (lecom; 
provided llieir tempermure be sufKciently 

Mn. J}. No t a certain degree of aB 
quisle, besides the assislunce of heat. V 
collect) is composed of oxygen and hy 
unless the aflinity of the metal for oxygen 
thui that of hydrogen, it is in vair 
temperature, foi' it cannot take the oxyg 
hydrogen. Iron, ^nc. tin, and antimony, I 
cr ufluiiiy for oxygen than hydrogen ll 
these four raeiub are capuble of decom] 
But liydi'ogen luving an advantage over 
metals with respect to its afBiiily ibr oxj'gc 
withholds its oxygen from them, but is 
In certain circumstances, of taking (he 
the oxyd of these metals. 

Emily. I confess tlmt I do not quite ir 

hydrogen can lake oxygen from those K 

JiD5.flecqpip05S^WiHer. 
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same with all the other metals which do not dc< 

;/</. I tinderstatid your explanation, Cai'oliiic- 
veil ; and I imagine tliat it is because lead can, 
■compose water that it is so much employed Foe 
lor conveying^ Uiat fluid. 

s. B, Ceneinly ; lead is, on that account, par- 
rly appropriate to such purjwses ; whilst, on the 
iry, this metal, if it was osydable by water, would 
t [o ic veiy noxious qualities, as all oxyds of lead 

Kor less pernicious. 
th regard lo the osydation of metals, there 
of effecting it more powerful than either or 
r, which Is by means of acids. These, you 
, contaiti a much greater proporiion of oxygen 
^itlier ijr or water ; and will, most of them, easi- 
Id it to metala. Have you never observed, thai if 
rap vinegar, lemon, or any acid, on the blade of 
e, oi'onapairof scissars, it will immediately pro< 
a spot of rust. 

roline. Yes, often ; and I am veiy careful now 
>eoff the acid immediately to prevent the rust 
forming. 

•iilij. Metals ha\'c, then, three ways of obtaining 
en J from the atmosphere, from water, end from , 

Iff. iThe two first you liave already witnessed, 
Ul now show you how metals take tlie oxygen 
add. This bottle contains nitric acid j I shall 

some of it over this piece of copper-leaf 

\roline. Oh, what a disagreeable smell ! 
•nily. And what Is it thut produces the ciferves* 
: and tliat thick yellow vapour ? 
ra, B, It is the acid, which being abandoned by 
Tfeatest part of its oxygen, is convened into a 
M^ acid, which escapes in the form of gas. 
And whence proceeds this heat ? 
Indeed, Caroline, I think you might now i 
D answer that question yourself. 

Perhaps it is that the oxygen enters into J 
N.2 
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make you acquainted. Mebls wTiefi 1i 
oiyds, are capable of being disolved by a 
(]]>crauon they enter ioto a cliemical comi 
the acid, and form an entirely new compai 

CaroMnf. But what difference is there 
vxydalinn and the dianobttimi of a metal by i 

Mrs. B. In the first case, the metal n 
bines with a poi-tion of oxygen taken fit 
which is thus partly deoxygenaied, as in 
ycu have just seen ; in the second case, ihi 
oeing previously oxydated, is actually ^si 
acid, and enters into a chemical comlMU 
without producing any further decompo^j 
vescence. — This complete cotnbiiudton of 
_ an acid forms a peculiar and iutpoitant d 
pound salts. 

Emili). The diiference between an oiyt 
pound salt, therefore, ia very obvious : the 
of a itielal and oxygen ; tbe other of aiv oi 

Mra. B. Very well ; and you will be t 
member that the metais are incapable of » 
this combination nitli acids, unless they ar 
oxydated ; therefore, whenever you bring 
contact with an acid, it will be first osydatci 
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3 act upon ! tlien other coals of oxyil ave successively 
tbrmed, and rapidly dissolved by the aciil. which con- 
jnwes combining with the ne>*-formed surfaces of the 
sxyd till the whole of the metal is dissohed. During 
Ellis process the hydrogen gna of the water ia disengag- 
ed and flics off with effervescence. 

- £imty. Was not this the manner in which the sul- 
pltuiic acid assisted the iron filings in decomposing wa- 
ter i 

Aln. B. Exactly ; and it is llius that several metals, 
which are incapable aJone of dctomposin}; water, avc 
enabled lo do it by the assistance of an acidi which, by 
continually washing off tile covering of oxyd, as it is 
fornied, prepares a freah surface of metal to act upon 
the water. 

Caroline. The acid here seems lo act a part not veiy 
I'litferent from that of a sc robbing-brush. — But pray 
would not this be a good method of cleaning grates 
and metallic utensils I 

Mrs. B. You forget that acids have the power of 
osydating metals, as well as that of dissolving iheirox- 
yds ; so thai by cleaning a grate in this way, you 
would create more mat than you could destroy. 

Carolina. True ; how ihouKhtless I was lo forget 
that ! Let us watch the disstJmion of the copper in the 
itiiric acid ; for I am very intitatient to see tlie salt that 
is to result from it. The niisture is now of a beautiful 
blue colour ; but Uietc is no appearance of Ihe forma- 
tion of a salt ; it seems to be a tedious operation. 

Mr». B. The crysiallizLiiiuii of the salt reiiuires 
some length ot lime lo be completed ; if, however, you 
are so im|)aiient, I can easily shew you a metallic salt 
sli'eady formed. 

Caroliije. But that would not satisfy my curiosity 
half so well as one of our own man ufactu ring. 

Mrs. B. It is one of our own preparing that I 
mean to shew you. When wc decomposed water a few 
(fays slnce> by the oxydaiion of iron filings, through 
the ussistaDcc of sulphuric acit\,in what did the process 

I i 
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Car9lini: In proportion as Ihe watcf yicUed 
ygen to the iron, the acid combined with ihe "— 
ed Q\ji\, and the hydrogen escaped alone. 

Mrt. B- Very well ! the result, therefore, 
compound salt, formed by the combination of sulplnift 
acid with osyd of iron. It still remains in the vtd 
In which the experiment was performed. Fctcliil,iiil 
VK shall examine it. 

Eimly. What a variety of processes the decompOB- 
tion of water, by a mctul aiid an acid, implies 1 H 
The decomposition of the water ; _2diy, the o-^isi^ 
of the metal ; ajid Sdly, the formation of a. compevBl 
salt. 

Carodnf. Here it is, Mrs. B- — What bcEnitifiil gno 
crystals ! But we do not perceive any crystals £ [l» 
Bolution of copper in nitrous acid ? 

Mrs. B. Because the salt is now suspended iulte 
water which the nitrous acid contains, and will remab 
Eo till it is deposiled in consequence of rest and coolfiq;. 
I Emily. 1 am sitrprisetl that a body soopawii 
Iron can be converted into such transparent cryiUfc-.' 
'' -Mm. B. It is the union with the acid that prodwfc 
the transparency ; for if t)ic pure metal was aufeei 
*atid afterwards pei-mitleti to cool and crystallize, iiwsild 
•■be fijund just aaopariiie as before. 

Emily. I do not understand Ihe exact meaidli^if 

' cn/flallizalion P •• » 

Mrs. S. You recollect that when a solid bodfli 

I ^ssolvcd either by water or caloric, it is not decatii[n- 

' ied i but that its integrant parts are only suspendnl tt 

the solvent. When the solution is tnade in watef, (Ee 

*1niegrant particles of the body will, on the water bcJBg 

evaporated, again unite into a solid mass, by thcfcrce 

of their mutual attraction. But when the body ls'd»- 

solved by caloric alone, nothing more is necessary, in 

order to make its particles reunite, than lo reduce '" 

Icmperaiure. And, in general, if the solvent, whel. 

ev water or caloric, be slowly separated by cvaportOba 

or by cooling, and care taken that the particles bff Jtt 

agitated during their reunion, they wJU arrani ' " 



tU ftrranp*ft>fc' 



{ 1*1 ) 

Tegular masses, each individual siibstancCH 
lig a peculiar form or arrangement ; and tl 
's called crystallization. 

Crystallizaiion, therefore, is simply the | 

^o'f the particles of a solid body that has been i 

a fluid. 

1. That is a very good definition o 
t not forget to observe, that hrac and 71 
'ir solvent powers ; and ii 
K may be hastened by cooling, as well as by ■ 
Ihg the liqiud. 

wroHnc. But if the body dissolved be of a vi 
lie, will it not evaporate with the fluid '. 

crystalltzable body, held in solution 4 
arcely ever so volatile as tlie Huid its 
B must be taken to manage the heat, w thai 
c sufficient lo evaporate the water only. 
Should not omit to mention that bodies, in crySli 
mg from their watery solution) always retain a small 
portion of \vater, which remains confined in the crystal 
.„ I,. -^KA K,_™ a-j A^=„ ^^t -.^appearj unless tlie body 



n a solid form, and does not r 



loses its crystalline state, nua is called the wnw ^ 
cryaeaHaHiBTi. 

It is also necessary that you should here more par- 
ticularly remark the difTerence, to which we have i'or- 
merly alluded, between the simple solution of bodies 
«ither in water or in caloric, and the solution of metals 
in acids ; in the first case, the body is merely diiided 
by the solvent into its minuicst parts. In the latter, 
s similar effect is, indeed, produced ; but it is by means 
of a chemical combination between the metal and the 
acid, in which both lose their characteristic propcnies. 
The firstjs a mechanical operation, the second a chem- 
ical process. ^Ve may, therefore, distinguish them by 
calling the first a simfile soiution, and the other a cAemi' 
tat wluiioa. Do you undevstnnd this difference ! 

Mmily. Yes; single noluiion can affect only the at- 
traction of aggregation. But chcmicai solution implies 
rIso an attraction of composiiion, that is to say, an ac- 
tual comliii'&lion between ;hc solvent and the body ^v 
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^ Hn: H. Tottittve cxpfcsseil your idea 

ut Ton muM obwrre, nko. ihu 
/ may be separaled from its 'olulion in 
\ loric, simply by civtling or by evaporauon, 
r Iw taken from a mcvA will) irhlcti it ts 
[ bf stronger afiimlie^i, ivhich produce a 

Mmilii. I think that \-ou hare rendered 
isce between theK tmi kinds of solutioa sa 
T confoun<l them. 
AXr», B. Notwithslaoding, liowevcr, Ibe, 
fcrcncc which there uppears to be bet^veea' 
[tenuinn*, they are trequenliy cot)(bundod> 
eral modem chemical writers, of great i 
svcn thoiiglit proper to geiierottze the «.. 
, and to suppress entirely the distioctioa 
fed by ihe great Lavoisier, which I have taken f 
Kins to explain, ami which I confess appeara.T'' 
tender the subject much clearer. 

Arc the perfect metala susceptible 
Sssolved and converted into compound salts * 
Gold is acted upon by only oin 
p^aitd tnurian'e, a very remarkable 

t concentrated state, dJasoln 
|> toy other metal, by burning tliem rapidty. 
Gold can, it Is true, be dissolved likewise 
e of two acids, commonly called uyua rt^a i 
nixed solvent tleiives that property from 
lie peculiar acid which 1 ha\'c just memJonedT 
, _.a is also acted upon by this acid only ; bttt 
diaaolvcd by several of them— 

CaTcHne. I think yon said that Honie of tJM auQ* 
might be so strongly oxyduted as to become acid ? 

Mrs. B. There are five metals, arsenic, oiolyMes 
la, chi-omc, tungsten, and columbium,' which i» 
I -iusceptibieoF combining with a sufiicicnt <|imatHy tf 
I oxygen to he converted into acids. 

Carolir:': Acids arc connected with metals in sivfal 
nriety of ways, that 1 am afraid of some confusion id 
' Columliiu 
■- Halt hen, 



I hat not long llnce been dilcaverfJ 
jserlenlly mnittid in the 
n the Grll CDnvcrfatian' 
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wnbenug them . — In the first place, acids will yield 

I' oxygen to metals. Secondly, ihcy will combine- 
them in their state of oxyAs, to Ibrm compound 
H and liistly, several of the metals are themselves 
leptible of acidification. 

fra. B. Yerj well i but though metals have bo 
,t an afiiniiy for acids, it is not with that class of bo- 
alone that tlicy will combine. They are most of 
1 in iheir simple state, capable of uniting with sul- 
■, with phosphorus, with carbone, and with each * 
r i these combinations, accoi-diiig to the nomen- 
irc which was explained to you on a foi-mer occa- 

are called tul/ihureta, fihonfi/iorcls, an-bureit, &c. 
he Bietaliic phosphorels offer nothing very i-e- 
table. The aulphurcts form the peculiar kind of 
iral called /jyri/cs, fi-om which certain kinds ofmi- 
1 waters, as those of Harrogate, derive their chief 
aicai propenies. In this combination, the sulphur, 
tber with the iron, have so strong an attraction for 
len, that they obtwn it both from the air and fi-ODt 
V, and by condensing it iu a solid form, produce 
icat which raises the temperature of the water in 
& remarkable degree. 

tiily. But ii^pj-rites obtain oxygen from water, 
water must suffer a decomposition, and hydrogen 
le evolved ! 

■ ■.. B. That is actually the case in the hot sptinga 
il to, which give out an cstremely fetid gas, 

■ scd of hydrogen impregnated with sulphur. 

; jline. If I recoJlecl right, aeel and plumbago, 
h you mentioned in the last lesson, are both car- 
:s of iron ? 

IS. B. Yes ; and they are the only carburets of 
1 consequence. 
cuiious combination of metals has lately very much 
rtcd tlic attention of the scientific world : I mean' 
itones that fall from the atniospherc. "Iliey ai! 
»t princip.illy of native or pure iron which is never 
ed in that State in the bowels of the earili ; and- 
in also a small quantity of uickle and chrome, a 
' "' n likewise new in the mintrLd kingdom. 
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Theac circum^ttnrrs have kd nany scJeaaJBcpe— 
tobelicTc that those siibsiazioes faaVe fiJknfrjBkl ^'^ 
moGfii or some other planet, vlale edxn are of ifiii y^^, 
ciiher that they are formed in the atmospbcre, ir« 1"^' 
projected into it by some unknown tqIcbdo on die » y^^ 
face of our globe. I :''^ 

Carotinc. I hare heard much of these stODCS, \A W^\ 
believe many people are of opinion thskt iheTantelr^ 
ed on the earth, ^id lau^ at their pretended cikai|'^^ 

jMr9. B. The &ct of their falfing b so vdl flD» |^_ 
tained, that I tliink no person who has at animtiD^lw^. 
ted the subject, can now entertain any doubt of it ^ lu^r 
cimens of these stones hare been discovered id iHpA 
of the world, and to each of them has sometrafidn* 
storv cf its fall been found connected. And as Ac* 
lysis of all tlie specimens afibrds precisely the tfe 
results, we have thus a very strong proof that tbej*^ 
proceed from the same source. It is to Mr.Gbi^ 
that philosophers are indebted, for having fiist andjti 
these stones, and directed their attention to tluskllE^ 
e sting subject. 

But we must not suffer this digres»on to take up W 
much of our time. * 

The combinaUons of metals with each other arc A 
led alloys ; thus brass is an alloy of copper and unci 
bronze, of copper and tin, &c. 

Kmily. And is not pewter also a comlunadonofffit* 
tal? 

Mra. B, It is. The pewter made in this countr^i 
is mostly composed of tin, with a very small propoitiaQ 
of zinc and lead. 

Caroline. Block-tin is a kind of pewter, I, believe ! 

Mrs. B. No ; it is iron plate.d with tin, which W 
dors it more durable, as tin will not so easily rust, "fio 
alone, however, would be too soft^a metal to be n^ 
ked for common use, and all the tin vessels or uteottb 
are in fact made of plates of iron thinly coated with tin, 
Mhich prevents the iron from rusting. 

Caroline. Say rather ojcydating, Mrs. B.— Rust is I 
'Word that should be exploded in chemistry. 
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le. Is it possible that oxygen can impart poi- 
[ualities I That valuable substance which pro- 
ht, and fire, and wliich all l^odies in nature are 
to obtain I 

B. Most of the metallic oxyds are poisonous, 
'e this property from their union with oxygen, 
te lead, so much used in paint, owes its per- 
fifects to oxygen. In general oxygen, in a con- 
te, appears to be particularly destructive in its 
1 flesh or any animal matter ; and those oxyds 
caustic that have an acrid burning taste, which 
from the metal having but a slight affinity for 
and therefore easily yielding it to the flesh- 
conxwies and destroys. 

Wh»t is the meaning of the word causficj 
u have just used ? 

3» It expresses that property which some 
)ssess, of disorganizing and destroying animal 
5y operating a kind of combustion, or at least 
;al decomposition. You must often have heard 
;s used to burn warts, or other animal excrescen- 
•st of these bodies owe their destructive power 
:ygen with which they are combined. The 
caustic, called lunar caustic^ is a compound' 
»y the union of nitric acid and silver ; and it is 
I to owe its caustic qualities to the oxygen con- 
the nitric acid. 

le. But, pray,, are not acids still more caus- 
)xyds, as. they contain u greater proportion of 

3. Some of the acids are'; but the caustic 
of a body depends not only upon the quantity 
:n which it contains, but also upon its slight 
or that principle^ and the consequent facility 
ch it yields it. 

. Is not this destructive property of oxygen 
d for ? 

B. It proceeds probably from the strong at- 
)f oxygen for hydrogen ; for if the one rapid- 
s the other from the animal fibre, a disorgani- 
the substance must ensue* 
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KrrUy. C rustics arc then very properly said to h 
the Resh. since the combination of oxygeo and V)k 
gen is in actual combustion. 

C'Li-'oiiKe. Now, I think, this efifect would ben 
properly termed an oxydation, as there is no disengi 
niciit of li.^ht and heat. 

^Mn. B. But there really is a sensaUon of heat 
duced bv the action of caustics ; and the caloric tb 
disengaged mu:»t. I tliLuk, partly , if not wholly) 
ceed from the oxygen which the caustic yields t 
flesh. 

Caroline, Yet the oxygen of a caustic is w 
gaseous state, and can therefore have no caloricl 
with r 

-il/r*. B. In whatever state ox ygeiT exists, w 
suppose that, like every other body in naturei 
tains some portion of caloric ; and if, in com 
with the hydrogen of the flesh, it becomes more 
than it previously was in the caustic, it must pa 
caloric whilst this change is taking place. I be 
have once before observed that we may, in a gr« 
sure, judge of the comparative degree of 
which oxygen assumes in a body, by the qua] 
caloric liberated during its combination ; and w 
find, that, in its passage from one body to anoth* 
is evolved, we may be certain that it exists in 
solid state in the luttcr. 

Enuly, But if oxygen is so caustic, why d< 
that contained in the atmosphere burn us ? 

Mrs, B, Because it is in a gaseous state, an 
greater attraction for its caloric than for the hydi 
our bodies. Besides, should the air be slight 
tic, we are in a great measure sheltered from it! 
by the skin ; you all know how much a wound, 
cr trifling, smarts on being exposed to it. 

Caroline, It is a curious idea, however, 
should live in a slow fire. But, if the air was 
would it not have an acrid taste ? 

Mrs. B, It possibly might have such a taste ; 
in so slight a degree, that custom has rendered 
Mble, 
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And why 13 not water caUBiic ? When F 
id into water, though cold, it ought to bui'n 
ic caustic nature of its oxygen. 

Your hand does not decompose tlie water ; 
n in that slate is much better supplied with 
than it would be by animal muttei', and if its 
Bepctid on its affinity foi- tirat principle, it will 
} from quilting its slate of water to act upon 
. You must not forget thatonydsare caustic 
s the oxygen adheres slightly to tliem. 
Since the oxyd of arsenic is poisonous, its 
Jpose, is fully as much so ? 

~"es ; it is one of the strongest poisons in 

There is a poison cMeilverdigritf which 
iS and copper when not kept very clean j 
'. have heai^, is an objection to these metaU 
ieinto kitchen utensils.- Is this poison likc- 
doned by oxygen ! 

It is produced by the intervention of oxy- 
verdigris is a compound salt formed by the 
Inegar and copper ; it is of a beautiful green 
id much used in psiinting. 

But, I believe, verdigris is often formed on 

o vinegar has been in contact with it. 

-, Not real verdigris, but compound salts, 

resembling it, may be produced by the ac- 
' acid on copper. 

a a beautiful ^reen salt produced by the eom- 
f cobalt with muriatic acid, which has tlie 
roperty of fomiing wliat is called sym/iatheiie 
racters written with this solution arc invisible 
, bntwhen a gentle heat is applied, they as- 
e blueish green colour. 
,_ I think one might draw very curious land- 
b the assistance of this ink ; I would first make 
ionr drawing of a winter scene, in which the 
be leafless and the grass scarcely green ; I 
1 trace all the verdure with the invisible ink, 
pver 1 chose to create spring, 1 sliould bold- 
O 2 



C »so ) 

h beftn* die fire, md its wamnb would cover tbctt-| 
scape with a licli Tcnkue. 

Mii. B. That «ill b6 a very amuaing expenBAl 
and I adnse yoa bf all means to try it.— 1 muK Bi,l 
howeveri take mj leave of you ; we have hodBi^l 
kag lecture, and I hope you will be able to rcmenttrl 
it. Do not Ibrgct to mite down all yoa can lettbttl 
of tUi oonvenadoo, finrfte subject is of great impn I 
KKc, tlnngh it v»f not appear at first re 
ing. 



C(inf)«c«ation x. 



Mra. B. 

AtTER ha^g tbken a general view of cambuiublt I 
bodies, we now come to the alkalies, and the eabth^ I 
which compose the class of incombustibtcs i ihalisl 
say, of such bodies as do not combine with oxygen'!' I 
any known temperature. 

CartAte. I am afrud that the incombustible sub- 1 
■tancea will not be near so interesting as the other 
I ha?e found notlilng in chen>isti7 that has pleased Dtt i 
ao much as the theory of combustion. 

M': B. De not however depredate the incombnf 
tible bodies before you are acquainted with them -, fx 
win find they also poswss properties highly imponaK 
»td intereatiQ^. 

Some of the earths bear so strong a resemblance in 
their prt^rtiea to the idkalies, that it is a difficult point 
*bkiiQwuDderwhatbead to place &em. Thecelebrat- 
d French cheiait^ Fourcroy) has classed two of then 



kod Sti'onliles) \nih the alkalies ; but, as lime 
'a have almost an equal title to thai rank, I 
r not to separate them, atKl therefoi* have 
:omiiion method of classini^ them with the 

dof disiinguishing litem by the name of aika- 



>sh)kU iirst take a n 
ethre 



n of tlie alkalies, of M'hich 



\i'o first are ciiUed _fixed atkaUen, because they 
n solid form at the icmpemiure of the atmosphere, 
iquirc B great heut to be voktilized. The tliird, 
Hiia, has boen diBtinguished jjy the iiaiYie of vola- 
•ab^ because its natufji form is that of gas, 
'oSite. Ammonia ? I do not recollect that name 
: list of simple bodies. 

■ff. B. The reason why you do i»t find it there is, 
: is acomiH>iind ; and if I introduce it to your ac- 
Unce now, it is on account of its close con»cc- 
nth the two other iJkalies, which it resembles es- 
illy in its nature and properties. Indeed it is not 
£ ammonia has resifrncd its place among (lie 
it was not, till lately, supposd to be a 
IS it improbable that potash and soda 
ke da.y imdergo the same fate, as they are strong' 
scted of being compounds also. 
le general properties of alkalies are, an acrid 
ng taste, a pungent smell, and a faustic action on 
dn and flesh. 

To&ne. How can they be caustic, Mrs. B, aoce 
do not coniMii oxygen i 

ra. B. Whatever substance has an aBinity for any 
if the constituents of aiiinial matter, suiTieiently 
Tful to decompose it, is entitled to the appellation ■ 
lUBtic. The alkalies, in their pure state, have a I 
Btlting attraction for water, for hydrogen, and for ^ 
H which, you know, are the constituent piinci- 

chiefly by absorbing these substan- 

uiimal matter, that they effect its clecompoM- 
^ when diluted with a sufficient quantity of 
ir combined with any oily subsluncei tliey lose , 



I 
I 



( 152 > 

t> 10 Tettim to the general properUcsoT 
they clunge the colour of sjTup ol" violets, anil 
blue vcgeubic infusions, to green ; and hate, in gt^l 
ml, n very great temlency to unite with acids, 
Uie respective qiulides of these two classes 
form a remarkable coDtrast. 

We stuUl cxamme the resuh of the 
acids aod alkalies more particularly when we luve< 
pleted oitr general view of the simple bodies, 
be sufficient at present to inform you, thai vh 
acids are brought in contact with alkalies, 
earths, they unite with a remarkable eageme«^ ... 
form compounds perfectly different from either of fltf] 
consdtuenis ; these compounds, are called nnOrd' 
comftound lolta. 

Caro&Tir. Are they of the same kind asltiesfik 
formed by the combination of a metal and ao a(id! 

Mrs. B. Yes ; they are analogous in tlieir nKDI 
although differenl in many of thor propeities. 

A methodical nomenclature, similar to that ot>l*i 
acids, has been adopted for the compound salts. Eld. 
individual salt derives its name from its constituents, s 

tfliat'erery name implies a knowledge of the cotapo^ 
Ibn of the sah. 
The three alkalies, the alkaline eaiths, and the in^ 
Us, are called saHJiahk iasea or radicate, and the aui^ 
ta&fying fiTincipUB. The name of each salt is compA* 
ed bolK of that of the acid and the aaliBable base ; loi 
it terminates in cf or tV, according to the degree of caf- 
genation of the acid. lliUG, for instance, all thOR 
salts which ai'e foi'med by the combiRatJen of the •li^' 
phuric acid with any of the salifiable bases, are caUf 
ttiifi/ials, and the name of the mdical is added IbrAt 
specthc distinction of the salt ; if it be potash, il iril 
compose a aulfihat of fiatash i if ammonia, euJ/ihal <f 
ammoiaa, &c. 

£mily. The chrystals which we obtained from lli* 
comljinalion of iron and sulphuric acid, were therefore 
-'"/f.h-'l qf iron ? 

Mra. B. Precisely ; and those which we prepared 
J>jr dissoiving copijer ia nitric acid, tiilrat ^ coflficr, »ftd 
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Vrs, B, Take care, however, not to introduce the 
rt oxydate instead of rust, in general conversation ; 
cither you will not be understood, or you will be 
f|;hed at for your conceit. 

Z!Saroiine, I confess that my attention is, at present* 
much engaged by chemistry, that it sometimes leads 
into ridiculous observations. Every thing in nature 
<efer to chemistry, and have often been laughed at 
my continual allusions to it. 

^Mf**. B. You must be more cautious and discreet 
this respect, my dear, otherwise your enthusiasm, 
lough proceeding from a sincere admiration of the 
snce, will be attributed to pedantry. 
M«tals differ very much in their affinity for each oth- 
; some will not unite at all, others readily combine 
>ether, and on this property of metals the art of sold" 
'Mg depends. 

ISmily, What is soldering ? 

hirsn B, It is joining two pieces of metal together, 
l)eating them, with a thin plat/* of a more fusible me- 
interposed between them. Thus tin is a solder for 
Ld ; brass, gold, or silver, are solder for iron, &c. 

Caroline, And is not plating metals somethi-jg of the 
ne nature ? 

Mrs, B, In the operation of plating, two netals are 
Lted, one being covered with the other, but without 
i intervention of a third ; iron or tin may thus be cov- 
id with gold or silver. 

Endly, Mercury appears to me of a veiy different 
;ure from the other metals. 

Mrs. B. ■ One of its greatest peculiarities is that it 
iains a fluid state at the temperature of the atmos- 
ere. AH metals are fusible at differelit decrees of 
at, and they have likewise each the property of free- 
ig or becoming solid at a certain fixed temperature, 
ercury congeals only at 72© below the freezing point. 
Endiy, That is to say, that in order to freeze, it re- 
ires a temperature 72o colder than that at which wa- 
' freezes. 
Mrs, B, Exactly so. 

O 
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Caro-:?!*-. But is the temperature of the atmospha 
ever so low as that ? 

Mrs. B. Scarcely ever, at least in any inhaliW 
part of the globe ; therefore mercury is never M 
solid in nature, but it may be congealed by artiliai 
cold ; I mean such intense cold as can be produced lif 
some chemical mixtures. 

Caro'hie. And can mercury be made tobcalaIld^ liiie 
vapoiv.tc ? 

Jl/r*. 13. Yes, like any other liquid; onlyitrcquiw ■ sia 
a much greater degree of heat. At the terapenBK I k 
c»f 60(0, it begins to boil and evaporate like vratcr. I tie 

^Mercury combines with gold, silver, tin, andfttltei 
several other metals ; and, if mixed with anyoftbti I a 
ill a sufficient proportion, it penetrates the solidiwAl^i 
softens it, loses it own fluidity, and forms anafflB(5B■}|^ 
w hich is the name given to the combination of aDytnp* I ^ 
tal with mercury, forming a substance more or \» 
solid, according as the mercury or the other metal p* 
dominates. 

Emily* In the list of metals there are some vlifflt 
names I have never before heard mentioned. 

Mrs, B. There are several that have beenrecenilf 
discovered, whose properties are yet but little knofOi 
as for instance, titanium which was discovered by the 
Revd. Mr. Gregor, in the tin mines of Cornwall; co- 
lumbium, which has lately been discovered by Mr. 
Hatchett ; and osmium, iridium, palladium, and rhoi* 
uni, all of which Dr. Woolaston and Mr. Tennatf 
found mixed with crude platina. 

Curoli?ie. Arsenic has been mentioned amongst the 
metals ; I had no notion that it belonged to that classoi 
bodies, for I had never seen it but as a powder, and 
never thought of it but as a most deadly poison. 

iVfr*. B. In its pure metallic state, I believe, it is 
not so poisonous ; but it has so great an affinity for oxy 
\rc\\ that it absorbs it from the atmosphere at its naiu 
rc.l temperature ; you have seen it therefore, only in ii 
slate of oxyd, when, from its combination with oxvgcr 
it Iras acquired its very poisonous properties. 
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But this is not all ; if the salt be formed by that ^| 
^cids which ends in oua (which you know, in- ^H 
less degree of oxygenatioD), the terminatiw ^H 
Lvme of tlie salt will be in it. as aulpftit of fiot- 



T^ivme of tlie salt will be in iV, as tuifiliis of po 
iiillMlqf ammijtaa, kc. 

alu. Theie must be an immense numbei' of com- 
I salts, since there is so Rrent a variety of salifia- 
ichcais, as ncll as of salil'ying principles. 
Ts. B. Their veal number cannot be ascertaincdf. 
It increases every day as the science advances. ■ 
liclorc wc proceed farther in the investigation of 
onjpouiid soils., it is necessary that we should ex- 
e ihe natuie of the ingredients from which they 
onipo'-cd. Let us therefore vetimi to the alkalies, 
city \^bite powder which you see in this phial is 
caustic POTASH ; it is very difficult to preserve it in 
Hate, as it atti-acts with extreme avidity the mois- 
Irom the atmosphere, and if the aii- were not per- 
' excluded, it would in a very short time be actually 
ed. 

Tiity, It ia then, I suppose) always found in a li- 
Atale' 

; it exists in nature in a great variety 
f. and combinations, but is never found in its 
rate state ; it is combined with carbonic acid, 
[sin every part of the vegetable king- 
s most commonly obtained from the aglies 
tbies, which compose the suli^tance that re- 
ntal! the other parts havo been volnliliKed by 

iroHne. But you once said, that after the volaiilQ 
I of a vegetable were evaporated, the substHnce I 
remained was charcoal ? 
"rs. B. What, my dear ? Do you still confound the J 
esses of simple vokiilization and comliuslion ^ IQ J 
i: to procure charcoal we cvajwrate such parts as J 
t^educed to vapour by heat alone ; hut when w« J 
ft vegetable, we volatilize the earbone also, l^ 1 
it into carbonic acid gas. 

. That is true i I hope I shall make no more J 
n my fevourity theory of combustion. 
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since they ave vegetable ashes i 

Mrt, M. They always contain more or Ic 
but are very far from consisting of that subst! 
as they are a mixture of vai'ious eailhs and s 
remain after the combustion of vegetables, 
which it is not easy to separate the alkali i 
form. The process by wlijch potash is obta 
in the impei-fect state in which it is used in i 
mucli more complicated than simple comb 
was oncL' deemed impossible to separate it en 
all foreign substanceS) and it is only in chen! 
tories that it is to be met witli in the 



' ' jj I'.: ' which you find It in this phial. Wood ashes 

■ }j( ever, valuable for the alkali which they o 
'^. .'i are used for some purposes without any furtl 

■ ■; ■' aljon. Purified in a cettain dcgiee, they mi 
;'', commonly called /if or/ oj A, which is of great 

, taking out grease, in washing linen, S(c. 

■;; combines readily whh oil or fai, with whic 

a compound well known to you under the na 

, ' ■ Caroline. Really ! Then I should think : 

■ , , ■ better to wash all linen with pearl ash than 

as, in the latter case, the alkali, being al' 
Lined with oil, must be less efficacious in 
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I' and animal fibre, in virtue of iis attrac(i«i for 

■ and ciil^ and converts all animal matter into a kind 
ponaceous jelly. 

■%. Are vegetables the only source from which 
:. i.iLii be derived? 

B. No ! for tliovigli far most abundant in vc- 

■ !t?, it is by no means confined to that class of bo- 
bcing found also on the surface of the earth raised 

b'aii'ius niinerah, especially with earths und stones, 
ce it 13 supposed to be conveyed into vegetables 
c roots of the plant. It is also met witji, though. 
;ry small ijtiantiiies, in some animal substances, 
most common state of potash is that of cardonaC ; I 
ose you understand whattliatis ? 
ni/y. I believe so ; though I do not recollect that, 
iver mentioned the word before. If I am not mis- 
ij it must be a compound salt formed by the union 
rbonic acid with potash, 

'rs. B. Very true ; you see how admirably the 
cuclature of modern chenustry is adapted to assist 
neinory ; when you hear the name of a compound, 
necessarily learn what are its constituents ; and 
\ you arc acquainted wiih the constituents! you can 
ediately name the compound that they form. 
iro&nf. Pray, how were bodies arranged and dis- 
lished before this ndmencluture was intixKluccd ? 
V«, B. Chemistry was then a much more difficult 
r ; for every substance has an arbitrary nnmct 
Ji it derived either fi'om the jwrson who discover- 
as Glauber's »al!e for instance, or from some otli- 
xtimstauce relative to it, though quite unconnecl- 
,th its real nature, ns/ioiash. 

lesc names have been retained for some of the sim- 
odics; for as this class is not numerous, and there- 
can easily be remembered, it has not been thought 
»sary to change them, 

•idly. Yet I think it would have rendered the new 
mclaturc more complete to have methodized the 
ss of the elemcnury as well as of the compound 
s, though it could not have been done in the same 
.1 . But the names of llie simple substances raigh I 
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introducing into science an entire set of new 
obliges all tlie teachers and professors to gi 
again ; and if some of the old names, that ai 
ceptionable, -were not left as an introduction 
ones, few people would have had industry al 
ranee enough to submit lo the study of a com) 
language ; mid the inferior classes of arlisu 
only act from habit and routine, nould, at 
time, have felt material inconvenience fr 
change of tlieir habitual terms. From ihes 
aiions) Lavoisier and his colleagues, who i: 
new nomenclature, thought it most pruden 
few links of the old chain, in order to corn 
the new one. Be^des, you may easily ci 
inconvenience which might arise from givin 
nomenclature to substsnces, the simple nati 
is always uncertain ; for the new names : 
haps, have proved to have been founded in e 
indeed, cautious as tJie inventors of the miiK 
cal language have been, it has already bee 
cessary to modify it in many respects. In tl 
ses, however, in which new names have h 
to designate sinipio bodies, the names he 
contrived as to indicate one of the chief f 
the body in questimi ; this is the case iv. 
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engaged when fluids become solid, and cold pro- 
1 when solids are melted ? 

r«. B, The latter is really the case in all solii* 
; and if the solution of caustic alkalies seems to. 
5 an exception to the rule, it does not, I believe, 
any solid objection to the theory. The matter 
l)e explained thus : When water first comes in 
ct with the potash, it produces an effect similar to 
iakeing of lime, that is, the water is solidified m 
fining with the potash, and thus loses its latent 
; this is the heat that you now feel, and which is, 
fore, produced not by the melting of the solid, 
:>y the solidification of the fluid, liul when theie 
>re water than the potash can absorb and solidify, 
itter then yields to the solvent power of the water ;, 
F we do not perceive the cold produced by its melt- 
it is because it is counterbalanced by the heat pre- 
\j disengaged.* [See J^ote page 164.] 

very remarkable property of potash is the forma- 
of glass by its fusion with silicious earth. You 
lot yet acquainted with this last substance further 

its being in the list of simple bodies. It is suffi- 
l, for the present, that you should know that sand 
flint are chiefly composed of it ; alone it is infusi- 

bul mixed with potash, it melts when exposed to 
leat of a funiace, combines with llie alkali, and 
into glass. 

iroBnc, Who would ever have supposed that the 
5^ substance tliat converts tnmsparent oil into such 
paque body as soap, should transfoim that opaque 
tance, sand, into transparent glass ! 

Trs, B. The transparency, or opacity of bodies, 
not, I conceive, depend so much upon their inti-. 
\ nature, as upon the arrangement of their parti- 
; we cannot have a more striking instance of this, 

that which is afforded by the different states of 
3ne, which, though it commonly appears in the 

of a black opaque bodyi sometimes assumes the 
: dazzling transpareiit fonn in nature, that of dia- 
d, which, you rccoUeett is notfaing but carbone, 
A'hich, in all probability^ dexiveft its beautiful trans- 

P -. ■■■■. 
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p&rency from the peculiar arraDgemeot of i^W^ 
during their crystallization. 

Enditf, I never should have supposed that w I 
ination of glass was so dmple a process as ifcUtaBI 
it. . ' 

Mrs» B, It is by no means an easyopenif 
make perfect glass ; lor if the sand^ or flint, framf 
the silicious earth is obtained be xnixed witibanifli 
lie particles, or other substance which caiuwibe 
fied, the glass will be £sc(doured> or defaced bfOj 
specks. 

Caroline, That I stippose is the reason irhyc 
so often appear irregulsir and shapeless throu^) 
mon glass window. 

Mrs, B. Tbb species of imperfection proc 
believe, from another cause. It is extremely * 
to prevent the lower part of the vessels in irl 
materials of glass are fused, from contaimng 
dense vitreous matter than the upper, on account 
heavier ingredients fallilig to the bottom* Wl 
happens, it occasions the appearance of yeins c 
in the glass, from the difference of- density in 
ral parts, which produces an irregular refractioi 
rays of light that pass through it* 

Another species of imperfection sometime: 
from the fusion not being continued for a length 
sufficient to combine the two ingredients con 
or from the due proporiion of potash and silex 
are as two to one), not being carefully observ 
glass, in those cases, will be liable to alterati 
the action of the air, of salt^, and especially c 
which will ellect its decomposition by combini 
the potash and forming compound salts. 

Evilly, What an extremely useful substas 
ash is ! 

Mm, B. Besides the great importance of p 
tlic manufactures of glass and soap, it is of vc 
siderablc utility in many of the other arts, an 
^'ombinatioDs with several acids, particularly th 

>^ith which it forms saltpetre.- 

' "■■ » ■ ' 

■ -J \ , s « * 

• <■>■ ■ 1 . ■■ ■ ■ 
■-L w-^ r - f • ' 
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K-Then saltpetre must l>e a -niii-at of fiotati f. 
not yet acquainted with the nitric acid ? 
I. We shall, thereforej defer entering into 
alars of these combinalions, till we come lo % 
eview of the compouiid salts. In order to 
[iision, it wilt be better at present to confine 
o the alkalies. 
Cannot you shew its the change of colour 
said the alkalies produced on blue vegetable 

Yes ; I'ery easily. I shall dip a piece oJT 
er into this syrup of violets, which, you see, 
Spblue, and dyes the paper of (he same coi 
'^oon as it is dry, we shall dip it into a solu- 
i>tash, which, though itself colourless, will 
leper green — 

So it has indeed '. And do the other alka-t 

a similar effect I 

Exactly the same. — Wc may now proceed 
irhich, however mportant, will detain iis but 
at time ; as in ail its H:eneral properties it 
tigly resembles potash ; indeed, so great 19 
litude, that they have been long confounded, 
can now scarcely be distinguished except by 
aice of the salts which Ihey form with adds, 
reat source of this alkali is the sea, where, 
' with a peculiar acid, it forms the salt with . 
waters of the ocean are so strongly imprcg- 

Is not that the common table salt ? 
The very same ; but again we must posti 

ifing into the particulars of tliis interesting 
on, till we treat of the neutral salts. Soda 
btained from common salt ; but the 'easiest 
usual method of procuring it, is by the com* 

marine plants, an operation perfectly analo- 

fc by which potash is obtained from vegetal 

lYomwhat does soda derive its name ? 
From a plant called by us soda, and by the 
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Arab!( kaH ; which aSbrdi H in gmt abimtlaiice. 
has, indeed, given its name to die «lk:ilics in genenL 

Caroline. Does fioda Ibrm glaks and soap, in h 
same manner as potash ? 

it/rj. J9. Yes ; it does ; it is (^ eqtiol icnporuna 
In the arts, and It is even preferad to potiish fur raw 
purposes; but you will not be able to diaiingul^li ibci 
properties, till we examine the compound salts wliJ 
they form with acids; we must therefore teave »A 
for the present, and proceed to Amkon-ia, or the no^ 

ATILE ALKALI. 

Jinuly. I long to hear Bomething of this slkafi^ b 
it not of the same nature as hartaliorn ? 

Mrt. B, Yes, it is, as you will aee by and Cij-. Thii 
alkakli is selibm found in natuire in Its pure stale ; ii i> 
most commonly extracted from a compound salt caQeil 
»al ammamac, which was formerly iniportecl from A> 
vioiiio, a region of Lybia, frocn vluch both thesaltutd 
the alkali, derive their names. Tho crystals contiUDed 
in this bottle are specimens of this oult, which canaiB 
of a combination of ammonia and niuriauc acid. 

Qaroline. Then it should be called muriai of asm)- 
ma; for though I am ignorant w^t murladc addit, 
yet I know that its combination with aminonia canml 
but be so called ; and I am aurpiisei^ to see sarAmtn^ 
niftc inscribed on the label. 

Afn. B. That is the name by which it has been » 
long known, that the modern chemists have not yet suc- 
ceeded in banishing it altogether ; and it is stilt soM 
under that name by druggists, though by scientific 
chemists it is more properly called inuri>»l of KatmaMt 

JEmilij. By what means can (he amnionia be sepi^ 
ated from the muiiatic acid ? 

Mrs B. By a display of chcnnic.il atlractloaB ; hOL 
this operaticHi is too complicated for you to undenlii4 
till you are better acquaiJiied nith the agency of A^ 
ties. 

£mily. And when extracted frani the ealtf vim 
Itind of substance is ammonia J 

Mrt. B. Its namiil fane at the temperature -Of Aa 
fttmosphere, when ftee^-from conbiniAion, i» that at 
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^s ; and in this stale it is called ammoruucsl gnu, 
tt mixes very ivailiiy with waCer, and can be thu! 
Vuiiicd in a liquid form. 

< iiroHne. You said that ammonia was a eompoimi 

.■.-, of what piinciplcs is it composed! 

Mn. S. It was discovered a few years since, I 
tfevthoUeti a celebrated l-'rench chemist, that it i 
ed of about one part of hydrogen to four parts of n 
gen. Having heuted ammoniacal gas under a rece: 
by causing the electrical spark to pass repeatedly tl 
H] he found tliaE it increased considerably in bulk, log 
Ul its alkaline properties, and was actually convei 
into hydrogen and nitrogen gasses. 

Emily, Ammoniacal gas must, I suppose, be \ 
heavy, since it expands 50 much when decomposed X 

Mvt. B. Compared wilh hydrogen gas, il 
lyis; but it is considerably lighter than oxygen g 
and only about half the weight of atmosplieiical t 
It possesses most of the properties of the fixed a " 
Ees i but cannot be of so much use in the arts i 
count of its volatile nature. It is, therefore, 
employed in the manufacture of glass, but it forms 
soap with oils equally as well as potash and soda ; it re- 
sembles-tliem likewise in its strong attraction for water ; 
for which reason it can bo collected in a receiver over 
mercury only. 

Coro&if, T do not imderatand tliis ? 

jl/rs. B. Do you rectdlect the method which 1 
used to collect gasses in a glass receiver over \ 

Caroline. Perfectly. 

Mrs. S. Ammoniacal p;as has so sliong a tendeil 

cy to unite with water, thut, instead of passing throu^' ' ' 
tliat fluid, it would be instantaneously absorbed by it. 
We can therefore neither use water for that purpose, 
nor any other liquid of which water is a component 
part; so that, in order to collect tliis gas, we are oblig- 
ed to have recourse to mercury (a liquid which has no 
action upon it), and we use a meicuiial biiih, in&tend of 
» water bath, as we did on former occasions. Water 
impregnated with this gas, is nothing more than tho 
fluid which you mentioned at the bcgiiiiiiiig of the con* 
P 3 



tet'S3lion— harlshom ; it is the ammoniacal gas 
kig fi-om the irater which gives it so ponevftil a smeft 

Eauly. But there is no appearance of eirerTewflM 
Jo hartshorn .' 

Mr». B. Because the particles of gas that rise &ea 
the water are too subtle and minute for UieireffKlK 
be visible. 

Water diminishes in ilensiiy by being impregmKi 
with aminontacal gas; and this atjgiiietitation of txA 
increases its capacity for caloric. 

Emily. In making hartshorn, then, or imprepat 
ing water M'ith amniuni>i, heat must be absoited, lod 
cold produced '. 

Mrs. B. That eSect woidd take place if it wu oK 
counteracted by another circumstance ; the gas k d)\ix- 
'fied by incorporating wiUi the water, and gives oui iu 
latent heat. The condensation of the ^as niorc ijiu 
counterbalances the espanskni of the ^vater ; tliercRmi 
upon the whole, heat is produced. — Um if you dissdn 
■mmoniacol gas with ice or snow, cold is producri^ 
Can you account for that .' 

Mnuhj. The gas, in being condensed into a tiquidi 
lUDsl give out beat ; and, on the other haDcl, the am 
or ice, in being rarefied into a liquid must absorb hert; 
lo that, between the opposite effects, t shuuld have sop- 
posed the oi'iginal temperature would bavebceop^ 
'■served. 

^Trt. B. But you have forgotten to take ialoihCK- 
«aint the rarefaction of the water {or melted ice) bj 
the impregnation of the gas ; and this is tb« canwi/ 
^e cold which is ultimately produced. 

Carolinf. Is the tai voltiiile (the smelt of wbidiu 
.rtrongly reseniblce hartshorn) likewise a prepantiaoaf 
,unmoni& i 

Mrt. B. It is carbonat of ammonia dissolved ta in- 
ter ; and which, in its concrete state, is conimcmly oB- 
ctl salts of harthorn. Ammonia is caustic like ibt fix- 
ed alkalies, as you may judge by the pungcut cfiecB 
of hartshorn, which cannot be taken inlerniilly orap* 
^lied to delicate external parts, without being pleDtfti^ 
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ly diluted with water — Oil and acids are very excellent 
&ntidotes for alkaline poisons ; con ycu guess why i 

Carvlinr. Periiaps, because the oil combines wiili 
ilic alkali, and foi'ins aoap, and thus destroys its caustic 
'fupei'tics ; and the acid converts it into a compound 
--It, wtiicli 1 suppose, is not so pernicious as caustic 

ilfrj. S. Precisely so. 

Aniinoruacal gas, if it be miked with atmosphericsl 
air, and a burning ta[)er repeatedly plunged into it, will 
bum witli a hrge flume of ii peculiar yellow colour, 

£nuUi. 1 thought that nlL llie alkalies were incom- 
bui.iible f 

CaroUne. Qesldes, you say that tlame is produced by 
the combustion of hytiiugen only ? 

Airs. D. And is not hydrogen gas one of the con- 
stituenis of animoniacal gas \ Theiefore, thougli gen- 
erally speaking, the alkalies are incombustible, yet one 
«f the constituents of ammonia is emiueutly combus- 
tible. 

Eimhj. I own 1 had fcH'gotten that ammonia whs a 
compound. But pray lell me, can ammonia be pro- 
cured from this Lybian salt only ? 

jl/r«. B. So far from it, that it is contained in, and 
may be extracted fivm, all animal substances whatever. 
Hydrogen anil nitrogen are two of the chief constitu- 
ents of animal matter ; it is therefore not surprising 
that they shoidd occasionally meet and combine in thoso 
piioportions that compose ainmonia. But this ntkaU is 
; iioie frecjuemly generated by tlie spontaneous decom- 
; '^ .aitiou of aninaal substances ; tlic hydrogen and tiitro- 
[.;i.n passes that arise from puti-iEeu bodies combine, 
and form the volatile alkali. 

Muiiat of ammonia, instead of being exclusively 
brought fitmi Lybia, as it originally was, is now cliier- 
ly prepared in Europe, by chemical processes. Am- 
monia, altiiough principally extracted from this salt, 
can only be produced by a great variety of other sub- 
stances. The horns of cattle, especially those of the 
dear, yield it in wbunduuce, and it is from this circum- 
stance that a solution of ammonia in water has been 
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railed haitahom. It may likewise be pwCOTti tt« 
wool, flesh and bones ; iu a word, any iininul A 
stance whatever yields it by decompOMUon. 

We ahull now lay aade the alkalies, honevetla^ 
tanl ihe BUbject may be, till wc treat of tlifir ami* 
tion with acids. The next time we meet «e MW 
amine the earths, which will complete out Kriaf 
the class of simple bodies, after which we shillj* 
ceedto th^v several combinations. i 



Contjcruation XL 

On Earlht, 



I 



The earths, which we are to-day to examine ai 

in number : 






The five last are of very late discovery ; tl»d 
pertiea are but iinpeifcctly knona ; and as the) 
not yet been applied to use, it will be unnecess 
enter into any partitidare respecting them; we 
confine our remarks, therefore, to the mx first. 
eanhs in general aie, like the alkalies, tncombi 
tubstaiices. 

Caroline. Yet I have seen turf burnt in thccc 
^ and it makes an excellent fire ; the earth becom 
^L hot, and protluces a very great quantity of heat. 
^^JIA'A. Ji. It is not the earth that bums my dei 
^^P$ roots, gi'ass, and other remuanta of vcgetublt 
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!»iscd with i(. The cnloric, wliich ia pradu- 
3 combustion uf Ibese substances, makes (he 
liot, and this being a bud coniluctot' of heat, 
culoric a liHig time ; but were you to examine 
loled, you would find that it had not absorbed 
Ic of o\ ygcn, nor suffered any aheratioii Irom 
Earth h, however, from the circumstance 
ntioiied, an excellent reflector of heat, and owes 
Y when mixed with fuel, solely to that propei'ty. 
ihia point of view that Count Humford baa re- 
ae<l balls of incombustible subsiiincea to be ar- 
I fire places, and mixed with the coals, by 
IS the caloric disengaged by the canibustion 
'a more perfectly reflected into the room, 
iAtpense of fuel is saved. 

I, you know, was supposed to be one of (he 
menta j K\il now that a rariety of earths have 
icorered and clearly discriraated, no single one 
Bxdosively called an element ; and as none of 
ive lieen decomposed, they have an equal lille 
ink of (simple bodies, which are the only ele- 
bat we now acknowledge. It is from iheao 
either in tbeii' siniple state, or mixed together 
ibined with other minerals, that the solid part 
;lobe is formed. 

When I think of the great variety of soils, I 
j^hed Uiat there are not a great number of canha 

You might, indeed, almost confine tiiat 
B four ; for ^rytes, slroniites, and the others 
" iovery, act but so small a pari in this ijreal 
iiatthey cannot he reckoned as essential to the 
1 of the gloljc. And you must not 
your idea of earths to the formaiiou of soil ; for 
lai'bic, cliulk, sl.ite, sand, flint, and all kindaoF 
from (he precious jewels to the commonest peb- 
I a word all the immense variety of mineral pixj- 
iiay be referred to some of these earths, cither 
pic stale, or combined the one with the odier, 
ed with other ingredients. 

Precious stones composed of earth I That 
fff difficult to conceive- 
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Kimtg. Is it more extraordinary than lliat 
firedous of all jewels, dtamond) should be coinfMit 
pf carbone ? But diamond forms an exception, Mt 
3 — ; for, though a stone, it ia not composed of eitft 

Afn. B. I did not specify the excepiion. i& IkHI 
you were so well acquainted with il. Besides, loidl 
call diamond a mineral rather than a stone, asihelf 
I ler term always implies the presence of some eattti 

Caroline. I cannot conceive how such coarse nOB 
' rials can be converted inlo such beautiful produc^oO: 

Airs. B. We ore very f.ir from underetandinE ll 
the secret resources of nature ; but I do not iliinktS 
spontaneous formation of the crystals, which we A 
precious stones, one of die most difficult phenomemft . . 
comprehend. i ^ 

By the slow and regular work of ages, petlispslf 
hundreds of ages, these earths may be gradually &• 
solved by water, and as gradually deposited by ttni 
solvent in the slow and undisturbed process of crysli 



lization. The rec^ular 
during their reunion in a 






arrangement of their pafflcl* 

a solid mass, gives thetn W 

brilliancy, transparency, and beauty, for which thf 

; so much admired : and renders thein in appeomiA 

totally different from their rude and primitive ingi* 

Caj-oUrze. But how docs it happen that they ate ipt 
tafieously dissolved, and afterwardscrystallized? 

Mrs. B. The scarcity of majiy kinds of crystals, 
nibics, emeralds, topazes, &C, shows that their f«i» 
Uon is not ao operation very easily caiTied on in nidnn 
But cannot you imagine that when water, holdii^l 
solution some particles of eanh, filters through the a* 
vices of hills or mountains, and at length dribbles BA 
some cavern, each successive drop may be slowly W* 
porated, leaving behind it the particle of earth wlW 
It held in solution? You know that crystalliaiiooii 
more regular and pci'fect, in proportion as the eva[W 
ation of the solvent is slow and uniform ; Natui-e, the* 
fore, who knows no limit of time, has, in all workicJ 
this kind, an infinite advantage over any artist TFI 
tempts to imitate such produciii — 
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mily. I can now conceive thai the arrangcmeot Op 1 
particles ofearlh, during crystallization, may btf 1 
, as to occasion transparency, by admitting a frei 1 
age to the raj's of light ; but I cannot undersCeiw ."I 
crystallized eaitha should assume such beautiful ( 
Ji's as niosi of them do. Sapphire, Tor instance," 
a celestial blue j i-uby, a deep red ; topaz, a " 
yellow ? 

Tra. 3. Nothing is more simple than to suppose 
the arrangement of their piirticles is such, as to 
imit some of the coloured ra.ys of light, and to re- 
others, in which case the stone must appear of 
:olour of the rays which it reflecls. But, besides, 
qucntly happens, that the colour nf a stone is ow 
o a mixmie of some metallic matter. 
troline. Pray, are the different kinds of precious 
:3 each composed of one individual earth, or are 
formed of a combinadon of several earths ? 
re, B. A great variety of materials enters into 
composition of most of them ; not only several 
\s, but sometimes salts and metfils. The earth:!, 
iver, in their simple state, frequently form very 
tifu] crystals ; and, indeed, it is in that state only 
they can be obtained perfectly pure. 
'tiiiy. Is not the Derbyshire spar produced by tlie 
allization of carilis, in the way you have just ex- 
ed ! I have been in some of tlie subterraneous cav- 
where it is found, which arc such as you have dea- 
d. 

r». S, Yes ; but this spar is a very imperlcct 
men of crystallization ; it consists of a great vari- 
f ingredients confusedly blended together, as you 
judge by its opacity, and by the various colours 
Lppcarances which it exhibits. 
It, iji examining the earths in their moat perfect 
igreeable form, we must not lose sight of that 
-a-OThich they are most commonly found, ani 
I less pleasing to the eye, is far more interest* 
% utility. Before we proceed further, howeveiv 
ifobsen'e, lliat although the earths are consid- 
i^mple substances (as chemists have not suc- 
H decomposing them) yet there is considerable 



Mrs. B. Not if their attraction for hi 
that they will yield it to no other subsiiaaoi 
ing its state of combination, the pi^ppeftirt 
may be so alterefl, as to be concealed' ef 
our observation ; and it is possible that this 
case with the earths. Let us suppose tli 
stance, to have been originally some pec! 
whose affinity for oxygen was so great, tl: 
tracted it from every substance, and c 
would yield it to none ; such metals must 
the state of oxyds ; and, as we should hot 
them under their metalic form, we. could 
RP them as metals, but should distinguish Xh 

ii- specific name, as we have done with re 

earths. 



I 



j|jl« Caroline, That, indeed, seems very pi 

metals, when oxydated, become to ail aj 
kind of earthy substance. 

Emily] But have the earths any of th 
of the metallic oxyds ? 

Mrs. B. Their strongest feature of res 
their property of combining with the acids t 
V^ I2&:^' pound salts. 

ilMSli: You must not, however, consider the id 




s raWiwi itilinlhr eartln, because tbeypos 

■ii.ies in so gj-eata (tegi^ee, as to entitle them, i, 
■A lespects, lo the rank of alkalies. They com bi^ 
l^arm compoimd saks with acids in the same vt 
Ik.^hes; they are, like tlicm, susceptible of a 
1 .tble degree of causticity and are similarly &ctfl 
■ II, by chemical tests. — The other eaiTha, sLexai 
ituine, ■with one oi' two others of late discovery, ; 
some degree more cartliy, that is to say, thcyp 
^-is more completely the properties coinnion to all til 
X'ths, which aie, insipidity, dryness, unalterable nen 
llie fire, inftisihllity, Uc. 

Caroline. Yet, did you not tell us that silex, i 
ou-i earths, nhen mixed with an alkali, was fi 

Mrs. B. Yes, my dear ; but the characteristic pro 
^nies of earths, wliich I have mentioned, arc lob 
hTisicIeved as belonging to them m a state of puiity oi 

: a stale in which they are very seldom to be i 

' 1 1 in nature. — Besides these general propeilies, a 

h has its own specific characters, by which it is di 
■ I'ljished from any other substance. Let t 
're review ihem separately. 

SiLBK, orsiLici, abounds in flint, sand, sandstont 
gate, jasper, Sec' it forms the basisof many ptecioa 
^ODCs, and particularly of those that strike fire wi4 
:eel. It is roiigJi to the touch, scratches and w 
way metal ; it is acted upon by no acid but the Huoijt 
□d is not soluble in water by any known proG«M; 
9ture certunly dissolves it by means with which « 
t/R unacquainted, and tlius produces a variety of id| 
ions crystals, and amongst these rock cryilal, whk 
I'tbe purest specimen of this earth. Sllcx appeal's j 
ave Iwen intended by Providence to form the solid h 
is of the globe, lo serve as a foundation for the origj 
1 mountains, and g^ve them that hardness and du^ 
ility which has enabled them to rcNst the various r^ 
lutions which the surface of the eanli has successivtg 
mdergone. From these mountains silici 
i?Tfc, duting the course of ages, been graduaily dctata 

t torrents of water, and brought down in frf' 
I these, in the violence and rapidity of their d 




\ 
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conti are sometimes crumbled lo sanil, and ini 
form the beds ofrivcra aitd ofthe sea, chiefly o 

of silitious materials, Somelimes the frjg 
broken without being pulverized by their le" 
sume llie form of pebbles, which gi-atlua' 
rounded and polished. 

£tnil{/. Pray what ia the Inie colour of si 
foimB such a variety of tiiffcrent coloured ff 
Sand ia brown, flint is nearly black, and preen 
sre of all colours i 

Mrs.B. Pure alex, such as Is found d 
chemist's laboratory, is perfectly white, 
ous coloura which it assumes, in the diflercntw 
ees you have just mentioned, proceed ivt» 
cm ingredients with which it is mixed in ibem.. 

Caroiine. t wonder that silex is not more valiil 
RiQce it forms the basis of so many precious st 

Mr». B. You must not forget that ihc valueW 
upon precious stones, depends in a great n 
the scarcity with which nature affords them ■, 
■ those productions either common, or perfectly iiw 
by art, they would no longer, notwithstanding > 
beauty, be so highly esteemed. But the real Hi/A 
ulidous earth) in many of the most useful arts, Jin 
cxtenUve. Mixed %\ith clay, it forms thebttsuOr 
the various kinds of earthen ware, from the most d 
mon utenals to the most refined oma 

Emily. And we must not forget its importUKcfl 
the formation of glass with potash. 

Mrs. B. Nor should we omit to mention, '. 
many other important uses of silex, such as hi 
chief ingredient of some of the most durable ci 
of mortars, kc. 

I said beforC} that silicious earth comUi 
' «cid but the fluoric : it is for this re; 
linble to be attacked by that acid only, whlct 
strong affinity for siles, forces that substanci 
combination with the potash, and thus dcsti 
glass. 

We will now hasten to proceed to 
rather np^preVienwie ti£ "(w: 
. of this pan ot OUT sttVjcrt. 



( ni j^m 

^vihne. The history of earths h not quite so eSu^^l 

sing as that of the other simple substances. "V 

Mrs. B. Perhaps not ; hut it is absolutely indiapens-. V 

e that you should know something of them ; for they fl 

"m the basis of so many interesting and important J 

mpoutuJa, that their total omission would throw great il 

wurity on our general outline of chemical science. 1 

« shall, however, review them in as cutsory a man'-fl 

■- -, the Nubject will admit of. J 

I. MIME derives its name from a compound salt calU V 

'!, of which it forms the basis. J 

/.■'jp. But it ought to be just the contrary, Mrs. M 

I hi: wmple body should give, instead of taking its H 

I L om the compound. % 

.''■ '. B. Very true, my dear ; but as the com« .\ 

I salt was known long before its basis was discov- ■ 

i'. was natural enough when that earth was atH 

, , ;i separated from the acid, that it should derive itsfl 

u.u from the compound {tora which it was obtainedi.^ 

3wcvcr, to remove your scruples, we will call the saltjfl 

sording to the new nomenclature, sulp/iat of Muimne. ,1 

|om this combination, alumine may be obtained in its-1 

je state j it is then soft to the touch, makes a pasts.] 

Ih water, and hardens in the fire. In nature, it iS'l 

nd chiefly in clay, which contains o considerable' j 

Dportion of this earth ; it is very abiuidant in fullcr'ii'l 

Blh, slate, anda variety of other mineral productions. ^ 

■There is indeed scarcely any mineral substance more J 

cful lo mankind than atitnune. In the state of clayj^ 

fcrms largff strata of the eavlh, gives consistency tafl 

S scut of vallies, and of all low and damp spots, suchB 

Swamps and marshes. The beds of lakes, pondsyB 

d springs, arc almost entirely of clay ; instead ofl 

Wing of the filtration of water, as sand does, it formsj 

' impenetrable bottom, and by this means water itX 

E^Qmulated in the caverns of the earth, producingi 

>se reservoirs whence springs issue, and spout out a(| 

! Surface. 9 

^miiy. I always thought that these subterraneouM 

*rvoir3 of water were bedded by some hard stone^J 

IPOcki which the water could not penetrate. V 

A|fe ^. That is not tlie case ', Cot \n \]Cve c^mc^a V 



l>urpQsc of vegetation. 

Alumine is the most essential ingr© 
riea. It entei-s into the composiiion < 
as that of (he finest china i the sdcfit 
water harclene id renders it stitceptibi 
vitrilicBtion, uiiti makes it perfectly i 
pui-poses. 

Caroline. 1 can scarcely conceivq 
cliina Bliould be made of the same mai 

A{rg. B. Brick consists almost ei 
cluy ; but a certain pi'opoi'tion of silei 
the formation of earthen or stone wa 
potteries sand is used for that purposi 
sllex iS) 1 believe necessary fev the col 
celain, as well as a finer kind of clay ; 
rinls arc, no doubt, more carefullj' p« 
ouslv wrought, in the one case ^an iti' 
celain owes its beautiful acnu-transpai 
mcncementof vitrificaliom 

Jimiltf. But the commonest earths 
not transparent, is covered with a kind 

Mrs. B. That precaution is etpia 
use as for beauty, as the i,varew6uldD6 
_edmd corroded by a va riety oF BUBatia 
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^ri. B. Thcf are aD coRi|Ki5ed of r 

tiai these colours, instead ot ncci-nD^ uijurr h 
appHcadoD of fire, are screngthened and devd 
^ts actioD, which causes tbem u undef^ di'~ 
fees of oxydatioD. 
k-lumine aad slex are- not ac^w oAcB cembioed ( 

but they hare in nararc a leiy eOoDg ttDden^ j 
ei and are fouod comluned. in diSerctii propomcM 
arious gems and other niineials. Indeed, xaatty a 

pi'ecious stones, such as ruby, coieiMa' 
:thyst, &c. c^msist chiefly of Alumioc. 
Ve may now proceed lo Ifae alkaline «anlib. 
but a few words on Baatte^ as it is hardly 
), except in chemical Mioratories. It is rem 
Tor its great weight, and its stnoig alkalrae pt 
, such us destiuying animal substances, tura 
:n some blue vegetaUe colours, and shetring a p 
il attraction for acids ; this last property it possess 
llch a degree, particularly with regard to the $ 
ric ftcid, tliat it wUl always detect its presence ia aa 
Itance or combination whate^e^, by imtQefJiateli 
iog with h and foiinir.g a sulphat of bar)-tes. ' 

lei-s il a very valuable chemical test. It is 
ty abundantly in nature in the state of c 
1 which the pure earth can be ea^y separated, 
"he next eaith we have to consider is Lime^ 
substance of too great anil general importance ti 
lassed over so slightly as the last, 
.ime is strongly alkaline. In nature i 
I in its simple state, as its ailinity Ibr w 
c acid is ao great, that it is alw~dys fotmi! combined 
I these substances, wijh which it forms the common 
i-stbne ; but it is separated in the kiln from these 
edienrs, whicl) are volatilized whenever a sufRcient. J 
■ee of heat is applied. M 

•iiily. Pure time then is nothing but lime-stonojjV 
;h has been tieprived in tlie kiln, uf its waterj and • 
lOiiio iicid ?, 

frs. B. Precisely ; in this state it is called yirfc*- 

. Btul is so caustic, that it is capable of decompoB* 

ftdead bodies of animals very ri^«i\f, V\'iiW!" 

iergaiag tlic process of puUeSatCwm.r-W 

Q3 



«j(eeeBveI^'!iot U~it awclb, and no* isbi 
bk& to potuduFi wliilc the natcr oa ths' 
peai'B to produce no kinilof idserMlem. 

Mra. B. Because the lime-stone is s 
ed with water, whilst tiie quick-limoi. li 
iJcprivGcI of it in the kUn, cotabiDCS wl 
great avitlity, and pi-oduccs tiiis piwBpi 
nientof hebic, Ibe catieeof whicb I (bnc 
to you ; clo j-eu recollect it ? 

Emily. Yes ; you sakl that tbe hsat < 
from the Imte, but fi-om the watcp whicl 
aod thus parted with Hs )ic;tt of liquidit}:. 

iM!-*. Bi Very well. H we com" 
sivc quantities of water to the- lime aite 
and cnimblcd as yon see, it will them gi 
fhsed in the water, till it will at leDgth.b« 
and entirely disappear ; but fw this pui^ 
no leas than TOO times it* weight of w 
kuion is called Hmc-walcr. 

Caroline. How very stnall, (heo, te 
of lime (Ussoived. 

Mr/. B. Barytes is still of more M 
it dissolves only in SCO li/ces its weight 
it is much more soluble in the stale of 

ia m tL ( y)i i tp ac 4iii dus-inutlcJ a limPiwai 



UmX the attvaclioii oC Utne fan- (attwBttt: 

J, that it would abaonb it fifiH the atmo» 
We may see tiiis c&ct by expo^g a gbw qE< 
;r ta tJie ak* ; die lime itiil tlicn sepanate liont 
, cpmbinc tvkh ilie carbouic ackl<. ajid re-ap*i 
le siii'fUce in the ixm nf a white film, which 
it of lime, ^Qminonly called cAo/i. 
rL Chalk is, thcn> a-corDpouadsalt^ Inevesi 
vs&uppoaed that Uiese hnmcnse beds oTchalh 
9e ia nuuiy parta of the countcy't wcnea e^t 
I white film begiiis to apgicLir on tlie SJirfact «f 
,j bttt it is far fi'QiTi i^sembline hai:d solid 

k That b owing t» jis stale of extreme di- 

i Eh tiuk linie it will celkct iato a more coio- 

> acd subside at the butioni of the glass. 

1 breathe into lime-water, the ciirbonic acid> 

nuxed with the air that you expira, will pro- 

saaae elTsct. h is auexperimcnt easily inada 

hall pour aorae lime- water iino ibis glass tube, and^ 

eaihing rcpeniedly into it, you will soon petcclvv 

cipttatioii of clialk — 

I sec already a small white cioud fermctt. 
9. It is composed oi minute particles of 
it present itfioats in the water, biuil will eooq 

(t of lime, or chalk,, you see, is insohible iw 
CO llie lime wliichwos dissolved i-e-tippcAiis 
W-eitcd iiito chalk; but you must takcnotica' 
' ungidar circimisiance which is, tliat chulk is 
ater impregnated with carbonic aciiJ. 
It is ytfy curious, indeed, that carbonic 
.should render lime soluble in 
iuble in the other '. 

1 have here a little bottle of Seltzer water, 
I know, is strongly impregnated with cai^l 
—let us pour a little of it into a glass of Hmo 
Tou see tirnt it immediately foinia a precipitJ 
larbonat of lime 1 

Yes, a white cloud appeara. 
I shall now pour an additional qiianiity of! 
ter water into the Unie water — 
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Kndly. How singular ! The doud is (»4M 
tmd the liquid is again transparent. 

Mra. B. All ihe mystery depends upon this d 
stance, thai carbonat of lime is soluble in carbod 
nhilst it is kisoluble in water ; tiie first quanui<i 
bonic acid, Uierelbre, which I introduced m 
liroe water, was employed in fortMingtlie end) 
lime, which remained visible, until an additiona 
thy of carboiuc acid dissolved it. Thus, you aw 
the lime and corbonic acid are in pi-oper pro] 
to form chalk, the white cloud appears, but nl 
acid predominates, the chalk is no Booner fonu 
it b dissolved. 

Caroline. That is now the case ; but let us I 
tiier a further addition of lime water will again 
itate the chalk. 

Mmily. It does, indeed ! the cloud re-app« 
cause, I suppose, there is now no more of tlie 
k acid than is necessary to form chalk ; and, ' 
to dissolve the chalk, a superabundance of Bf 

Mrs, B. We. have, I think, carried this 
ment far enough ; every repetition would but 
the same appearances. 

Ljjne combines with mosi of the acids, to 1 
carbonic (being liie weakest) readily yields 
these combinations we shall have anopportiuii' 
ticing more particularly hereafter. It tini 
phosphorus, and with sulphur, in their lump 
in short, of all the earths, lime b that whii 
employs most fre[]uently and most abundant 
imiutncrtihte combitiatiuns. Il is llie basis of 
reous ea.rtbs and stones ; we find it likewise 'n 
mul anil the vey;etable creaiions. 

£mily. And iq the arts is not lune of w 
Utility ! 

Mra. B. Scarcely any substance more i 
know that it is a most essential requisite in 
as it constitutes the bdsis of all cements, suet 
lara, stucco, plaster, Etc. 

Lime is also of infinite importance in agricu 
'- jhtens and warms soils that are too cold, a 
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snsequencc of too great a propoition oF chiy. 
aJd be endless to enumerate the various pur- 
rvhich it is employed ; and you know enough- 
some idea of its itnportancc : we ahall, 
iw piuceed to the tliird alkaline curth, 

I am already pretly well acquainted with 
I it is a medicine. 

It is in the state of carbonat that magnesia 
employed medicinally ; it then differs but 
jjearance from its simple form, which is that 
bie light wiiite powder. It dissolves in 3000 
veight of water, but forms with acids ex- 
itublc salts. It has not so great an attrac- 
da as lime, and consequently yields them to 
It is found in a gi'eat variety of mineral 
ms, such as slate, mica, amianthus, and more 
^ in a certain lime-stone, which has lately 
ivered by Mr- Tennant to contain it in very 
itities. It does not attract and solidify water, 

but when mixed with water, and exposed 
Dsphere, it slowly absorbs carbonic acid from 

and thus loses its causdcity. Its cliief use 
e is, like that of lime, derived from its rea- 
ximbine with, and neutralize, tiie acid which 
ith in [he stomach, 

Tct, you said it was taken in the state of 
b which case it is already combined with an 

Yes J but the carbonic is the last of all the 
le order of affinities; it will tliereforc yield 
ssiia to any of the others. It is, however, 
taken m its caustic state as a remedy for 

Combined with sulphuric acid, magnesia 
ilker and more powerful medicine, common- 

And properly, aul/ihal of Jnasnttia, Isup- 
iy why was it ever called Epsom salt ? 
B. Because there is a spring in the neigh- 
E Epsom, which contains this salt in greM 
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The Uit alkalme eartii wUcfa «e in 
JiTEoirnAir, or STBOvrrrBSy dacove 
a few yean ^;o. It so siroogly rese 
ha properties} and is so spaxingly feu 
of so little use in the artSy that it will 
to enter into any particulars respectin 
XDOti reiusrlK|kble characteristic propei 
isy that its salts, when ^ssolved in sju 
the flame of a deep red, or blood colo 

We sba|l here conclude this lecture 
snee^ogy you will be introduced to 
^Berem mm any of the preceding. 
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WING completed oar examinadoD of die sinpSe 
^mentary bodies, we are now to proceed to those 
x)mpound nature ; but belcM-e we enter on tl^iift ex- 
ire subject, it will be necessary to make you ac- 
ited with the principal laws by which chemical 
»inations are governed. 

>u recollect, I hope, what we haTe formerly said 
e nature of the attraction of composition, or che^ 
I attraction, or affinity, as it is also called \ 

rdhf. Yes, I thmk perfectly ; it b the attraction 
subsists between bodies of a different nature, which 
aons them to combine and form a compound, when 
come in contact. 

rs. B. Very well ; your definition comprehends 
irst law of cheuucal attraction, which is, that it 
filace only between bodies of a different nature ; aS) 
nstance, between an acid and an alkali ; between 
en and a metals kc. 

R 



I 
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Caroline. That we understand of courtc; btii I ^ 
ftitreiciion between particles of a sinular nature ii tki Iibd 
n{ aggregation, oi cohesion, which is independalrf Ifeoc 
any chemical power. ' Iwni 

Mrs, B. The second law of chemical attractiooM J^f* 
tliut U taken Jilace only between the most nonute furtidai u 
bodies : therefore, the more you divide the partideidl|Bc 
the bodies to be combined, the more readily they ill ^p 
upon each other. I % 

Coroli?ir, That is again a circumstance which tll^t 
might have supposed ; for the finer the pardcte8oftl»l>nii 
two substances are, the more easily and perfectly thy 1^' 
win come in contact with each other, which 1111181111* l"i 
ly facilitate their union. It was for this purpose* y* 1^ 
said, that you used iron filings in preference to fi* I Ff^' 
or pieces of iron, for the decomposition of water. P-- 

Mrs, B, It was once supposed that no mcchaDJfll I £ 
power could divide bodies into particles sufficiently B» 1^ 
ute for them to act upon each other ; and that, in** I* 
der to produce the extreme division requisite fiiracl*' I 
mical action, one, if not both of the bodies, should h Ic 
ill a fluid state. There are, however, a few instancdi Id 
in which two solid bodies very finely pulverized, exflt I « 
a chemical action on one another ; but such excepto||i 
to the general i-ule are very rare indeed. 1^ 

Eimhj* In all the combinations that we havehithtf* I' 
to seen, one of the constituents has, I believe, U» I 
either liquid or aeriform. In combustions, for instanwi I 
the oxygen is taken from the atmosphere, in which il I 
existed in the state of gas ; and whenever we haw I 
seen acids combine with metals or with alkalies, they I 
were either in a liquid or an aeriform state. I 

Mrs. B. The third law of chemical attraction B» 
that it can take place between two^ three^ four or ev«»« 
greater number of bodies. ^-^Con you recollect any exam* 
pics of these double, triple, and quadruple comUn** 
lions ? 

Caroline. Oxyds and acids are bodies composed d 
two constituents ; compound salt^ of three 2 but I re- 
collect no instance of the combination of four principlcsi 

^•nlcas it be amongst the earths in the formation d 
stones. 



fr*. B, Such examples very frequently occur £u 
gst the earths ; but you might have quoted, as in* 
:es of quadruple compounds, all those that result 
the combination of acids with ammonia, or vola^ 
Ikali. 

ToUne, True. As aiumonia is itself a compound^ 
lion with the acids, which are also composed of 
>rinciples, must form a quadruple combination. 

r8. B. You will soon become acquainted with a 
-variety of these complicated compounds. The 
1 law of chemical attraction is, that a change of}em' 
'^re always takes filace at the moment of combination, 
is occasioned by the change of capacity for heat, 
1 takes place in bodies, when passing from a sim>f 
► a combined state. Do you recollect any instance 
is, Emily ? 

lily. Yes ; when Umc, or any of the alkalies, or 
ne earths, combine with, and solidify water, the 
a of its heat of liquidity is set at liberty. 

r«. B. J had rather that you had chosen any oth» 
stance, as the union of water with the alkalies and 
ne earths is no*^, strictly speaking, a chemical 
»ination ; for the water remains in the state of wa-» 
lo' condensed and solidified in the alkali; andean 
:parated from it and restored to its fluid state, mcre» 
the restitution of its heat of liquidity. 

ijn going to show you a very striking instaQce of 
hangcjQf temperature arising from the combina* 
>f different bodies rf— I shall pour some nitrous acid 
lis small quandty of oil of turpentine — the oil will 
atly combine with the oxygen of the acid, and pi*o» 
a Considerable change of temperature, 

roUne. What a blaze ! The temperature of the 
id the acid must be elevated, indeed, to produce 
a violent combustion. 

ra, B. There is, howevpr, a peculiarity in this 
)ustion, which is, that the oxygen, instead of be- 
derived from the atmosphere alone, is principally 
lied by the acid itself. 

rUly. And are not all Qombustionsini^tanQes of the 
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UiKloubte<lly ; when oxygen lose) in [|^' it 

eous form in order to combine with a solut bod;, ht^ N 

uiiKlensed, and ihe caloi'ic evolved produuik I 

elevation of tempeiaturc. The specific gravilji otK n 

dies is nl the same lime altered by chemical cbi^ d 

lion ; for in conse";jence of a change of capuifil | 

heal, a change Ci detiBitj- miist be produced. >, 

Carolint, That was the case with the sulphunci^ ri 

and vf.'er, which by being mixed together, gswil % 
* great deal of heal, and proportionally incirasedi 

density, ii 

Mm. B. I do not think tlie instance to whHji q 

refer is quite in point ; for tliere does not appearti)! tl 

what wc have called a true chemical comUlialJM tl i 

tween stilphtiric acid and wuler, unce iliey uc t| ■ 

mixed together, and undergo no other cliaugetiM | 

lots of caloric, so that they may be separated u ^ 

from each other merely by evaporating ihe water. 1 (| 

you have truly observed in this instance lliat tbt [f ||i 

cles of the two fluids so far penetrate each oiheri * ^ 

form a more compact substance, in consequent ^ 

which aquantity of latent heal b forced out, atidA , 

is an increase of sphecific gravity. [, 

The 5th law of chemical attraction is, that Uti 
pa-tin loliicli cliaracleriKe bodifa when fic/iai 
or dnitroijcd by i/ieircainiinaCion, 

Caroline. Certainly ; what, for instance) cut bt4 
dilferenl from water as the hydrogen and osygen f 

£tmly. Or what more unlike sidphat of iroti) * 
iron or sulphmic acid ? 

CaroUnf. But of all metamorphoses, that of ■ 
and potash inlc gUms, Is the most striking I 

Mn.B. Eveiy chemical combination is i 
tion of this rule. But let us proceetl— 

The 6th law is, that the force of cAemical aJhiHv, *l 
tvieen the contlUuetita rf a body, it eslijnaCed by Uteivf 
it requtredfor thctr tefiaratien. This furcc is by qi 
propertlonal U> the ^acSft^ wCtv -«^^K.\\^ialSlfe.*1l| ' 
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iganese, for instance, which, you know, has so 
sit an attraction for oxygen, that it is never found in 
letallic state, yields it more easily than any other 

Taro&ne^ And likewise lime, which has a great at- 
don for carbonic acid, yields it to any of the other 
b, and even to heat alone. 

Imily. But, Mrs. B. you speak of estimating the 
jc of attraction between bodies, by the force reqnir-* 
to separate them ; how can you measure these for- 

• 

Wraf. JB. They cannot be precisely measured, but 
Y are comparatively ascertained by experiment, and 
; ht represented by numbers which express the 
itive degrees of attraction. 

fhe 7th law is, that bodiee have amongst themselves 
h-ent degrees (^attraction. Upon this law (which 
I may have discovered yourselves long since), the 
rfc science of chemistry depends ; for it is by means 
iie various degrees of affinity which bodies haise 
each other, that all the chemical compositions and 
impositions are effected. Thus if you pour sul-. 
ric acid on soap, it will combine with th^ alkali to. 
&:kclusion of the oil, and form a sulphat of potash.. 
ry chemical fact or experiment is an instance of the 
e kind j and vrhenever the decomposition of a body 
^rfprmed by the addition of any single new sub- 
ce, it is said to be effected by sirnfile elective attract 
'• But it often happens that no simple substance 
deaoixipose a body, and, that, in order to effect this, 

must offer to the compound a body. which is, itself 
posed of two, pr sometimes three principles,, which 
Id not, each separately, perform the decomposition, 
his case there are two new compounds formed in 
iequence of a reciprocal decomposition and recom- 
ition. All inst^ces of this kind are called double clec'. 

attractions,, 

^aroUne, \ confess. I do not understand this clearly.. 
^rs. B, You will easily comprehend it by the as.-, 
mceof thi3 diagram, in which the reciprocal forcQSi 
Utraction ar^ represented by tiumber^ ; 
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Original Com/tound. 
Nitrat of lime. 

We here sopposc that we are to decompoie flj 
of soda ; that is, to separate the acid from ihe aO 
if, for this purpose we add some lime, in orderto t 
it combine with the acid, we shall &iil ia our attemtf 
cause the soda and the sulphuric acid attract eaw 
er by a force which is (by way of suppositionj t 
sentcd by the number 8 ; while the lime tends to 
with ihb acid by an alfimty equal only to the ntnri 
Itispldn, therefore, that the sulphat of soda wl 
he decomposed, since a force equal to 8 cannot be 
come by a force equal only to 6. 

CaroHnc. So far, this appears very clear. 

JUra. B. If, on tlie other haod, we endeavour 
GOiDpose this salt by nitric acid, which tends U 
Inne with soda, we shall be equally uneuccesst 
nitric acid tends to unJte with the alkali by a force 
only to 7. 

In neither of these cases of simple elective s 
tion, therefore, can we accomplish our purpose, 
let us previously combine together the lime and 
acid, so aa lo lorm a. mirox o^ Xovvt-, o. wroNqcKM 
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* constituents of which are united by > powereqml 
^. If tfaen we present tbis compound to the sulphat 
soda, a decoiupositioo trill ensue, because the sum 
the forces which lend to preserve the two salts in 
^•ctua] stale, is DOtequaltotbat of the forces ^^'hich 
iti to decompose them, and to form new combinations. 
fc« nitric acid, therefai-e, will combine with the soda, 
3 the sulphutic acid ivith the lime, 
CaroUne. I understand you now very well. Tills 
■able effect takes place because the numbers S and 4t 
ith represent the degrees of aiivaciion of the con« 
:.\iems of the two oiigal salis, make a sum less than 
: numbers T and 6, which represent the degrees of 
taction of the two new compounds that will in consc- 
ence be formed. 
Jtfre. B. Precisely so. 
TLaraiinf. But what is the meaning of quiaeent ai 
'eUeni forces, which are written in the digram 1 
Mts, E, Quiescent forces are those which tend to 
escrve compounds in a state of rest, ov such as ihey 
lually are : divellent forces are those which tend [o 
sti'oy tliat state of combination, and to form new com- 

These are the principal circumstances relative to the 
;lrine of chemical attractions, which have been laid 
wii as rules by modem chemists ; a few others might 

mcTitioned respecting the same theory, but of Jesa 
portance, and such as would take us too hx from our 
m, 1 should, however, not omit to mention that Mr> 
i-thollet, a celebrated French chemist, lias stie 
H whenever in chemical operations there is a dis| 

contrary attractions, the combinations which I 
ice depend not only upon the affinities, but also, 
nc degree, on the proportions of the substuncct ci 
mcd. 



Jfrs. B. 

Having now giyen you some idea of 
^hich chemical anraedons are govetned, i 
ceed to the exairanation of bodies th.at are 
consequence of these attractitffiS. 

The first clasS'of compoundBthatpltsen 
to our notice, in owe gradual ascent to tb 
plicated combinatioDs,' aie bo^es composed 
piiociplcs. The sulphureta, phos^iwet 
&c. are of this desciiption ; but the moi 
and impcalant of these compounds are the ) 
of osygen with the various ^mple sub 
vhich it has a tendency to-st^. 'Of- & 
already acquired some knowledge, aikl 1 1 
QOt be at a loss to tell n^ the general nan 
the combinations of oxygeo with other sv 
^dnguished? 
..£miitf. I believe you told m that all 1 
Uons (S oxygen produced either oxyds or 
' JIA-«. B. Very right ; and with what s 
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|K and likawise with their combinations with the al 
ies, which form the triple compound called Ntu- 
AL Salts. 

Ifou have, I believe, a clear idea of the nomenclK- 
e by which the base (or radical) of the acid, and the 
iaos degrees of addiiication, ave expressed? 
Etnily. Yes, I think so j the acid is distinguished 
the name of its base, and its degree of acidity by the 
ruination of that name in aua or ic ; thus sulplniroa* 
c3 is tl)at formed by the smallest proportion of oxygen 
Kiluned with siilphui' ; sulphunV acid in that whicb 
vilts from the combination of sulphur with the great* 

quantity of oxygen. 
rtfr«. B, A still greater latitude may, in many 

allowed to the proportions of oxygen than can be 
totaned with acidifiable radicals ; for several of theso 
Licals are susceptible of uniting with a cjuuntity of ox* 
en so small as to be insufficient to ^ve them the 
>|)erties of acids; in these cases therefore, they are 
■•verted into oxyds. Such is Etilphiir, ivhich by ej 
aure to the atmosphere with a degree of heat ina« 
Uate (o produce inflammation, absorbs a small prtu' 
k^ion of oxygen, which colours it red or brown. This 
CreEore is the iirst degree of oxygenaiirai of sulphtjr i 
2 Sdccnverts it into aulpliursus acid ; the 3d ' ' 
tlttcacid; and, 4>thly, if it was found capable 
ung with asiill larger proportion of ot^y gen, it ivoul4 
in be termed su/icr-oxygcnoled sulfi/iuric add. 
Mimly- Are then various degrees of oxygenatjf 
mmon to all acids \ 
4A-S. B. No ; they vary much In thia respect ; some 
t susceptible of only one degree of oxygenation; 
lers, of two, or three ; there are but very (ew ihat 
11 admit of more. 

CaroUnt. The modem nomenclature must be of 
intense advantage in pointing out so easily the nature 
the acids, and their various degrees of oxygenation. 
Mrs. B. Ortainly. But great as are the advan^ 
jes of the new nomenclature in this tespect, il is nH 
MiUe to apply it in its full extent to all the acids, T 

»jthe radicalsorbosesof some o£ them 4£«uilL' 



4 

ire ^^m 



oxygen, that they will yield it to no oth 
and in that case, you know, all the ^fibi 

Kmilij. But if Uiese acids have never 
posed, should tliey not be classed with I 
dies 1 for you have repeatedly told us thi 
bodies arc rather such as chenii-its are uni 
pose, than such as arc really sui^x>&ed tc 
ly one principle f 

Mr». B. Analogy affords us so stro 
the compound nature of the undecomp 
that I never could reconcile myself to 
with the simple bodies, though this div 
adopted by several chemical writers, 
the most strictly regular ; but, as a By 
rangement is of use only to assist the tner 
ing facts, we may, I think be allowed ta 
it when there is danger of producing con 
lowing it too closely : — and this, I betit 
the case, if you were taui^ht to consider 
pounded acids as elementary bodies. 

EviUy. I am sure you would not de 
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We have heard of a great variety of aci( 

v many are there in all ,' 

« B> I believe there are rerkoned at preaei 

four, and their number is constantly increasing^ 

pi>science improves ; but the most important, and 

S which we shall almost entirely confine our at- 

e but few. I shall, however, give you a gen- 

t¥ of the whole ; and then we shall more partic- 

e those that are the most essential. 

^ class of bodies was formerly divided into mine- 

(eluble, and animal acids, according to the aub^ 

I from which they were extracted. 

That I should think must have been 
rangement ; why was it altered 1 

s it produced 
, MQiHd you pli 

Now I see the difficulty. ! should be at' 
phere to place it, as you have told us that it ex- 
e animal, vegetable, and mineral kingdoms. 

There would he the same objection with 
} phosphoric acid, which, though obtained 
tOTn bones, can also, you said, be fouod in small 
pe in stones, and likewise in some plants. 

^_ You see, therefore, the propriety of change 

Itiua mode of classification. These objections do 
exist in the present nomenclature; for the com- 
Ltion and nature of each individual acid is in some de- 
~ poinied out, instead of the class of bodies from 
ch it is exU-acted ; and, with regard to the more 
eral division of acids, they are classed under these 

i ^cids of known and simple bases, wliicli ar» 
^by the union of these bases with oxygen. 
f are the foUowuig : 



ine- 

I 



Phtuiphotic 
Artcnical 
7'imgslenic 
Afoii/bdcnic 



I Acids of known and aim- J 
r pie bnaea. 
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fldly. Those of unknown bases: 
The Muriatic "] 

Sorade ^ Acids of unkncni 

Jfluoric 

These two classes comprehend themoUm 
known and most important acids. The BUlphui 
trie, and nmiiatic, were formerly, and are st 
quentty> called mineral acids. 

Sdly. Acids that have double or binary radical 
which consequently consist of ttiple comtanaO 
These are the vegetable acids whose tcsinWa' 
is a compound of hydregen and carbonc. 

Caroline. But if the baaa of all the vegeBbJi 
be the same, it should form but one acid; it I 
deed combine with diifei'ent proportions of oxyB 
the nature of the acid must be the same ! 

Mri. B. The only difference that exists in^ 
ses of vegetable acids, is the various proportion! 
drogen and carbone from which it is compose! 
this is enough to produce a number of acids app 
very disBimila.r. That they do not, howcvei. 
essentially, is proved by their susceptibility oi 
converted into each other, by the addition or sub 
of a portion of hydrogen or of carbone. 

The names of these acids arc, ^^^ 

The Acetic 
Oxalic 
Tartafout 
Citric 
Malic 
Gallic 
Mucout 
Benzoic 
Suecme 
Camfihoric 
Suberic 
The 4th class of acids consists uF tbone 
triple radicals, and are therefore of a stiU 
pound nature. Tliis class compichctids 
acids, \vluc\i slTc -. 



Acids of dbiln 
being of w 
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The Lactic 
Prussic 
Formic 

Bombic \> Acids of triple bases, or 

Sebacic { ammal acids. 






Zk)(mic 

Uthic . J 

; given this summary account or enumeration 
cids, as you may find it more satisfactory to 
3nce an outline, or general notion of the ex- 
le subject ; but we shall now confine ourselves 
lo first classes, which require our more imme- 
jntion ; and defer the remarks which we shall 
nake on the others, till we treat of the chcmis- 
e animal and vegetable kingdoms. 

icids of simple and known radicals are all ca- 
being decomposed by combustible bodies, to 
ley yield their oxygen. If, for instance, I pour 
f sulphuric acid on this piece of iron, it will 
a spot of rust ; you know what that is ? 

ne. Yes, it is an oxyd, formed by the oxygen 
id combining with the iron. 

B. In this case you see the sulphur deposits 
gen by which it was acidified on the metal«-^ 
m, if we pour some acid on a compound combus- 
stance, (we shall try it on this piece of wood) 
»mbine with one or more of the constituents of 
itance, and occasion a decomposition. 

. It has changed the colour of the wood to 
How is that ? 

B, The oxygen deposited by the acid has 

you know that wood in burning becomes black 

is reduced to ashes. Whether it derives the 

which burns it from the atmosphere, or from 

r source, the chemical effect on the wood id 

3. In the case of real combustion, wood be- 

lack because it is reduced to the state of char- 

:he evaporation of its other constituents. But 

tell me the reason why wood turns black when 

the application of an acid ? 

S 
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CaroHne. First) tell me what ate the bgredk 
wood ? 

Mrs. B. Hydrogen and carbone are the cfaie 
itituents of wood, as of all other vegetable subrf 

Caroline, Well, then^ I suppose that the oxf 
the acid combines with the hydrogen of the wo 
form water ; and that the carbone of the voo 
maining alone, appears of its usual black colour. 

Mrs, B. Very well; indeed, fny dear ; that i 
tainly the most plausible explanation. 

Emily. Would not this be a good method of n 
charcoal ? 

Mrs. B. It would be an extremely expensivt 
I believe, very imperfect method ; for the act 
the acid (m the wood, and the heat produced by i 
far from suflicient to deprive the wood of all its e 
able parts. 

Caroline. What is the reason that vinegar, 1 
and the acids of fruits, do tiot produce tbb efl 
wood? 

Mrs. B. They are vegetable acids whose ba? 
composed of hydrogen and carbone ; the oxygen, 
fore, will not be disposed to quit this radical, wl 
is already united with hydrogen. The stron 
these may, perhaps, yield a little of their oxy 
the wood, and produce a stain upon it ; but the c 
will not be sufficiently uncovered to assume iia 
colour. Indeed, the several mineral acids then 
possess this power of charring wood in very dl 
degrees. 

JSmily, Cannot vegetable acids be decompo 
any combustibles ? 

Mrs, B. No ; because their radical is comp 
two substances which have a greater attraction f 
gen than any known body. 

Caroline. And are those strong acids whic 
and decompose wood, capable of producing sim 
fects on the skin and ilesh of animals ? 

Mrs. B. Yes ; all the mineral acids, and 
them more especiaXVy, ^cft!s»^^"s»\K5w^\:&Ll caustic 
ties. They acluaWy coit<»1^ w\^ ^^^w^-^ ^v^ ^ 
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*& ; but they do not produce upon these exaetly t! 
Xne alteration as they do on wood) jtiobably becatis 
ere is a great proportion of nitrogen and other ■ 
Slices in animal matter, ivliich prevents the separalit 
carbone from being so conspicuous 
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trie and PAosflAoric Jidda : or She comblm 
mjtf Oxygen iviih Sui/i/iur and F/ios/i/iontt / 
tul/i/iaCa and Photphatt. 



Mrs. B. 

9 additJOD to the general survey which \ve have tak* 
ti of acids, I think you will find it interesting; to c\' 
BninB individually a fe^v of the roost important of them, 
nd likewise some of their principal combinations with 
!iD alka^es, alkaline earths, and metals. The lirst of 
Iie4cids, in |)oint of importance, is the sulphuriGi 
jrmerly called oil of -vitnot. 

Caroline. I have known it a long time by that name, 
Ut had no idea that it was the same fluid as sulphuric 
cid. What resemblance or connection can there bo 
etween oil of vitriol and this acid ? 

Mr*. B. Vitriol is the common name ior solphat of 
on, a salt which is formed by the combination of snii 
buric acid and iron ; the sulphiu'ic acid was formerly 
btaioed by distillation from this salt, and it very i 
irally received its name from the substance which 
irded it. 

roUne. But it is still usually called oil of 

a sufficient Ven^\i oi \ime. V-oa 



I 



suN 
jrly 

] 
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yet elapsed, since the invesdoo of the new iiiiinjt 
ture, fork to be generally dissenumyted ; hiit»ik| 
adopted by all scientific chemists, there kevory tmi' 
to suppose that it vill gradually become muieniiL 
I received this bottle from the chemist's, the 
\vritten on the label was oii of vitriol s but, as 1 1 
you were very punctilious in regaid to the 
ture, I changed it, and substituted the modem 

Endly. This acid has ddther colour nor smeD)! 
it appears much thicker than water. 

Mrs. B. It is twice as heavy as water, and faH| 
see, an oily consistence. 

Caroline. And it is probably from this 
that it has been called an oil, for it can have do 
claim to that name, as it does not contain dther 
gen or caii)one, which are the essential 
oil. 

Mrs, B. Certainly ; and therefore it would bel 
more absurd to retain a name which ow«d its 4)ti^|| 
such mistaken analogy. 

Sulphuric add, in its purest state, would be ai 
^rete substance, but its attraction for water is such» 
it is impossible to preserve it in tibat state ; it is, 
fore» always seen in a liquid form, such as you 
find it. One of the most striking properties of ' 
phuric acid is that of evolving a considerable quinAf* 
heat when mi.s«d with water ; this I have already 
yoo. 

Emily. Yes, I recollect it ; but what was the 
of heat produced by that mixture ? 

Mrs, B, The thermometer may be raised \if] 
300, which is considerably above the degree of 

water. 

Caroline, Then water might be made to boil nl 
mixture. 

Mrs, B, Nothing more ea^y, provided that yott*| 
ploy sufficient qtMntides of add and of water, airiilj 
the due proportions. The greatest heat la prod«4. 
by a mixture of one part of water to four of &e acifc 
we shall make a iivvi^Xvsf^ i])i\\\«%^ ^vQ^Qortions, and-iK 
merse this tkun ^ka&'&tc^^ '«^al:^\&^33S^1&^sn&«st^Hi 
it. 
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hie. The vessel tecls cxrrcsihr Ihot, 

3es not bcul yet. 

B. You must aBov sofae taae Lr 3u 

:e the tube, and raise !Le te^Dcracs? :/ 

> the boiling pcxnt — >. 

bie. Now it boils ^nd vkb. zcrfa^aifr t^ 



^. But it win Dot gj^ki'jr Z0'i^i^ las^ ; fo 
iture gives out he&t ociv vt^ tie ^Bsrxiit:^ tc 
3r and the acid are wszsaukw gesgrTsaa^ -caca: 
as sooo as the Dew uma^ptaxzx, *A iajMti^ ^ac^ 
effected, the mixtiiTe will grtrataTj rsiuL md, 
IT retUTD to its forroer ^rzipericirf:. 

have seen the roaaDer ai wiai^ joig^Giirx. Kiii 
oses all eombasdble sEabscsBe^:^^ wtiissaer vSr 
getable, or nHoenl, aaf ajs& taesx .iwr latnan 

ygen ?. 

572^. I have very vskfjaauaceeZ-j Jt^jeact^i *fi«t 
lent on my gown, by Itrr*^ at cj^j^ 'X *'jt0k icjus. 
a ity. and it has made a tfitrn, wiJr^ I vigii^i'SMe^ 
er wash out. 

B. Noy certainly ; Ssr, bdb» jm* "ju. y^ A 
er, the spot wiH bccocEe a !scie; i^ 'Jx^ icai 
^ly burnt the musliD. 

ine. So it has incfeed 1 We^ I -wHJ hi^if^A. 'Que 
and put the botde away, ke k a^ coj^ti^xj^ 
:e — Oh, now I hare dcoe wone fcio, ibt; I taenk' 
ne on mv hand ! 

B. It is then burned, w W4^ 7» ycpur ;^/iti^ 
know that oxygen desuoy^ aaimai aft iti^il M 
le matter ; and, as far as the dtt<>c«fipc«riofi <gif 
I of your finger b effected, there i* f;// r^futAy ; 
washing it immediately io water^ ycm >iil di^ 
acid, and prevent any £irther injtny. 

ine. It feels extremely hot, 1 assure joa* 

B, You have now learned, by ex{>erieDcey. 
itiously this acid must be used^ You will soon 
acquainted with another fxid, the nitric, which 
it produces less heat on the skin, destroys it still 
f and make^ upon it anmdeV^\e %\»n\. XoMk. 
ever handle any substances ol v!tvk& >i^^ ^'^l^"^ 
S 3 
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out previously cSpping your fingers ia water, 
'will weaken their caustic effectft^^^Birt ancey 
not repeac the expenxneiit^ I must put ip tH^.n 
for the acid attracts the mmstuise from tlie atom 
Mrhich would destroy its strength and purity^ 

Enuiy^ Pray how can sulphuric add be «i 
from sulphat of iron by distillation ? 

Mn. JBt. The process of distillatiQH, you Iok) 
sists in seiparating substances from^one another b 
of their (Afferent degrees of volaUiity, and by t) 
Auction of a* new chemical agent, calojic. 
sulphat of iron be exposed In a retort to a pp 
gree of heat, it i^ll be decon\posed, and the s 
add will be volatilized. 

JRndfy, But now that the process of fond 
by the combustion of thcai: radicals is known, wh 
not this method be used for making sulphuric ; 

Mr9u B» This is actually done in nnost manui 
but the usual method of preparing sulphuric i 
not consist in burning tlie sulphur in oxygen 
■we formerly did by way of experiment), but ii 
it'together with another substance, nitre, whic 
rbxygen in sufficient abundance to render the co: 
in common air rapid and complete. 

Caroline, This substance, then, answers t 
purpose as oxygen gasi 

Mrs, B. Exactly. In manufectures the co 
is performed in a leaden chamber, with wa 
bottpm, to receive the vapour, and assist its t 
tion. The combustion is, however, never sc 
but that a quantity of sulphurous add is form 
same time ; for you recollect that the sulphv 
differs from the sulphuric only by containing 
gen. 

From its 'own powerM properties, and fro: 
rious combinations into which it enters, sulpl 
is of great importance in many of the arts. 

It is used also as>a medicine in a state of g 
tion ; for -were it taken internally, in a con 
state, it "would prove a. tcvo^x ^«xv%etwi^ ^cAson 

Caro&ne. lanv avjoe Vi ^q«\^ \sv>rci'Qcifc ^ 
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B. C&n you think of any thing 
n antidote to this poison ? 

HTic, A large drai^;lit of waierto dihite iL 

B. That would certainly weaken the power ^If 
, but It would increase tlie heat to an mixAcn^ 
ree. Do you recollect nothings diat would de- 
» deleterious properties more efiectually ? 
;r. An alkali might, by combining with it ; but 
pure alkali is itself a poison, on account of its 

ty. 

B. Til ere is no necessity that the alkali should 
tic. Soap, in which it is combined with <m1 : or 
ia, either in a state of carbonat, or mixed with 
ivould prove the best antidotbs. 

U In those cases, then, I suppose, the potash 
magnesia would quit their combinations to fbrna 

th the sulphuric acid ? 

B, Precisely. 

nay now make a few observations on the suV 
acid, which we have found to be the product of 
slowly and imperfectly bumtwThis acid is dis- 

led 43y is pungent smell, and its gaseous form. 

ine. Its aeriform state is, I suppose;, owing to 

aller proportion of oxygen, which renders it 

:han sulphurzc acid I 

B. Probably ; for by adding oxygen to the 
acid, it may be converted into the stronger kind, 
change of state may also be connected with a 
of af]&nity with regard to caloric. 

/. And may sulphurous acid l>e obtained from 
ic acid by a diminution of oxygen ? 

B. Yes : it can be done by bringing any com' 
substance in contact mth the acid. This de^ 
Ltaon is most easily performed by some of the 
; these absorb a portion of the oxygen from the 
ic acid, which is thus converted into the sulphu*- 
id flies off in its gaseous form. 
ine.. And cannot the sulphurous apid itself be 
losed and reduced to sulphur ? 



Emily. It is the stain of mulberrieB ; 
almost afraid of exposing my gown to th 
after seeing the eSect which tbt: sulphurii 
ed on that of Caroline — 

Mrs. B. There is no such danger froi 
ous ; but the experiment must be mad 
caution ! for, during the formation of st 
by combustion, there is always some i 

Caro&ne, But where is your sulphurc 

Mrs, B. We may easily prepare st 
simply by burning a match ; we must firs 
with a little water, and now hold it in thi 
tie distance, over the lighted match : tl 
arises from it is sulphurous acid, and the 
gradually disappears. 

£mly. I have fFequently taken out 
means, without understanding the natu 
cess. But why is ii necessary to wet th 
it is exposed lo the acid fumes f 

Mrs. B. The moisture attracts and a1 
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an few woi'dsofits principal combinations. 
h all the alkalies, alitaline earths, and metals, to Ibrl 
□pound Galls. 

Z^roline. Pray, give mc leave to interrupt you 5 
■DtneDt : you have never meniiooed any other salts 
n the compotmd or neutral salts ; ia there no other 
d? 

Wra, B. The term sal! has been used, from time 
iiemorial, aa a kind of general namet for any sub- 
ice that lias ssTour, odour, is soluble in water, and 
sullizable, wliciher it be of an acid, an alkaline, or 

ijiouud niitiire ; but the compo\ind salts alone rcti 
t appellation in modem chemistry. 
riie most important of the salst, formed by the 
aiion of the sulphuric acid, arc, first, sul/i/mt of /k 
, fcii'merly called sal polychrest ; this is a very bitle*-' 
:, much used in meiticine ; it is found in the asbi 
•^t vegetables, but it may be prepared artificially 

immediate combination of sulphuric acid and pot^ 
1. This salt is easily soluble in boiling water. So- 
>ibty is, indeed, a property, common to all salts ; 
d they always produce cold iii melting. 
■Emily. That must be owing to the caloric which 
Sy absorb in passing from a solid to a fluid form. 
Mr». B. That is, ceilainly, the most piobable 
mat ion. 

Sulphat of soda, commonly called Glauber's salt, 
Qther Tncdidnal salt, which is still more bitter thi 

■ preceding. We must prcpai'e some of these coia»' 
itids, tbat you may observe the phenomena whicB 
es place during their formation. We need only 
ir some sulphuric acid over the soda wliich I put in<- 
Uisylass. 

XfToii'nr, What an amaang heat is disengaged. % 

Ught you said (hat cold was produced by the melti ' 

^altsl 

'^ ff-i. B, But you must observe that we i 

■ r not turning a salt. Heat is disengaged difril* 
. >i Illation of compound sails, because the acid got 

■ .' more dense state in the salt than that in which J 
sicd befoye. A ikint light \s a.\ao etoWjaft,, -^t^ 

IS be perceivedin the dwY. 
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Bmilfj. U theosygen, in comlilnuig viAM 
li, disengages light and heat, an actual comlwsdm 
place. 

Mm. B. Nm so fast, my dear i recollect 
alkalies are incombustible substances, and inuf 
combining with oij-gen sLigly. They are not a 
by lliis principle, unless it presents itself in a 
ui im with another body i and, tlici-efore, the « 
lion of un acid with an alkali cannot be called t 
tion. 

CaroS/ii: Witt this suiphal of soda become' 

Mrs. B. Wc have not, I suppose, mixed I 
and the alkali in the exact pi'opoitions that »xt 
cd for the formation of the salt, otherwise the 
iTOitId have been almost immediately changed 
lid mass ; but, in older to obtain it in crystalsi 
see it in this bottle, it would be necessary fireS 
it with water, and afterwards evaporate the we 
ring which eperation the salt would gradually 
lize. 

Caroline. But of what use is the addidon of 
it ia afterwards to he evaporated ? 

Mra. B. When suspended in water, the 
the alkali are more at liberty to act on each ol} 
union is more complete, and tbe salt assumes t 
lar form of crystals during the slow evaporati' 
solvent. 

Sulphat of soda liquefies by heat, and efilo 
the air. 

Emily, Pray what is the meaning of the « 
rescee ? I do not recollect your having mentioi 

Mrs. B. A salt is said to effloresce when ii 
water of crystallization on being exposed to it 
phere, and is thus gradually converted into a 
der ; yon may observe that these crystals of s 
soda are for from possessing the transparen 
belongs to tiieir crystalline state ; they are 
with a white powder, occasioned by their \\a.\ 
exposed to tbe Blmos^^xcxt, -wWJi Ixua 
eorfage of its \u«i\Te, b'j a\«»\'o\^'^N.\s. -« 
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£mi. Sails are, in general, either effiin-etcmt or ttt 
ascent ; ihis latter property is precisely the rever 
■tic former j that is to say, deliquescent salts abso ^ 
^r fi-om the atmosphere, and are moistened anJ '■ 
dually melted by it. Muriat of lime is an instance 
Ci^at deli<:|uescence. 

^niily. But are tliere no salts that have the same 
r»xe of attraction for water as the atmosphere, and 
t will consequently not be affected by it I 
•rdr«, B. Ye3 ; there are many such sails ; as, for 
.^nce, common salt, sulphat of niagnefiia, and a 
i^ty of others. 
^vlphat ^ftime is very frequently met with in nature 
constitutes the well known substance called gl/^j 
-, <.i- filaeter of Paris. 
i'lliat of magnesia, commonly called Efiso 
\i-v Tery bitter medicine, which is obtained fromj 
- -iLtter and from several springs, or may be prepar-? 
'j»y the direct combination of its ingredier 
t^^e have formerly mentioned eul/ihat of alumirtf as 
^titiiliDg the common alum ; It is found in nature 
& fly in the neighborhood of volcanos, and is particu- 
iV useful in the arts, from its strong astringent qua- 
Ss. It is chiefly employed by dyeri and calico-print- 
%t fix colours ; and is used also in the manufacture 
^jather. 

Sulphuric acid combines also with the metals. M 

^^arolme. One of these combinations, eulphat tfirott^Jk 
^re already well acquainted with. " ■ 

^•4rs. B. That is the most important metallic salt 
rancd by sulphuric acid, and the only one iliat we 
►■ll here notice. It is of great use in the arts ; and 
'^r^ctliizine, it affords a very valuable tonic: it is 

■ lit that most of those preparations csilled nieH i. 
. . arc composed. 

■'■'Aint. But does any carbcme enter into the 
, '.-iiions lo form steel I 

■ .. B. Not an atom ; they are, tlierefore, v< 
' r>crly railed steel ; but it is the vulgar appellff; 

" ■ iiud Riedical men themselves often com^V 
lera/ custom. 
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SulpHal of iron may be prepared, as you 111 
by dissolving iron in sulphuric acid; biuil ilg( 
obtained fiMm tlie nntiirat production called ffHi't 
which, being a aulphurcl of iron, requires onl/ajfl 
snre to ihe atmosphere lo be oxydated, in nAril 
form the salt ; this, therefore, is much the m " ^ 
way of procuring it on a large ficalc. 

Emily. I am surprised lo find that bclh aiifcJ 
compound salts are generally obtained fiomtheitirf 
oiis combinationE, rather than from the i ' 
onion of their ingredients, _„ 

Mrs. B. Were the simple bodies alvnipltW 
their combination wotild naturally be the t ' ' 
nient method of forming compounds ; but y«<l 
consider tlial, in most instances, there is great difi* 
and expense in obtaining the simple ingredientiB I 
their combinations ; it is, therefore, often iiiCM*^ 
dient to procure compounds from the decon 
other compounds. But to return to the 3u]{A 
There is a certain vegeiabie acid c 
which has the remarkable property of p 
this sail black. — I shall pour a few drops ol 
acid into this solution of sulphat of iron — 

CaroliTK. I[ is become as black ks ink I 

Mrs. B. And it is ink in reality. Common d 
ink is a precipitate of sulpliat of iron by galUcwl 
Ibe black colour is owing to the formation of pJW^ 
iron, which being insoluble, remains suspended in ir 
fluid. 

This acid has also the pi-operty of alleiing IheBJ 
lour of iron in its metallic state. You may friMjuW'^ 
see its effects on the blade of a knife that has !l 
used to cut certain kinds of fruits. 

Carolinf, True ; and thutis perhaps tlien 
a silver knife is preferred to cut fruits j the gMct 
1 suppose, does not act upon silver, — Is thisacidfcl 
in all fruits ? 

Mrs. £. It is contained, more or less, in the lii 

of most fruits and roots, especially the mdisb, W" 

if scraped with a siec\ ot itow knife, has its brightnl 

. colour changed tn'itet^^>viT^\5i,'i\t\jaS.t'acaji^*W 
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ae blackened. But the vegetable substance in 
\e gallic acid most abounds is nutgall^ a kind of 
;nce that grows on oaks, and from which the 
;ommonly obtained for its various purposes. 



B. We now come to the phosphoric and 
3ROUS ACIDS. In treating of phosphorus, you 
;n how these acids may be obtained from it by 
ion ? 

. Yes ; but I should be much surprised if it 
usual method of obtaining them, ^nce it is so 
icult to procure phosphorus in its pure state. • 
B, You are right, my dear ; the phosphoric 
:* general purposes, is extracted from bones, 
1 it is contained in the state of phosphat of lime ; 
s salt the phosphoric acid is separated by means 
iulphuric, which combines with the lime. In 

state, phosphoric acid is either liquid or solid) 
ig to its degree of concentration, 
igst the salts formed by this acid, phosphat of 
be only one that affords much interest ; and this, 
i already observed, constitutes the basis of all 

It is also found in very small quantities in some 
les. 



<tont)eri8fation xv. 

itric (md carbonic adds ; or the combinations of ox* 
with nitrogen and carbone ; and of the mtrats and 
lats, 

Mrs, B. 

almost afraid of introducing the subject of the 
ACID, as I am sure that I shall be blamed by 
;, for not having made her acquainted with it 

ne. Why so^ Mrs. 

T 



your censure, v.aroune ; lor i oare ss 
had some very good reason for not ment 
sooner. 

Mr». B. I do not know whether yw 
reason sufficiently good to acquit me ; 
sion, I assure you, did not proceed fit 
You majr recollect that nitrogen was one 
pic bodies \vhich we examined ; you wi 
rant of the theory of combustion, whicli 
for the first time, mentioned in that less 
fore it would have beet) in vain, at thai 
attempted to explain the nature and fom 

Carolina. I wcmder, however, that i 
red to us to inquire whether nitrogen cov 
for, as we knew it was classed amonc 
tible bodies, it was natural to suppose ttu 
duce an add. 

Jt^e. B. That is not a necessary goi 
it might combine with oxygen only in 



gen is susceptible 

some of which conveil it merely into an 



Li 



( 207 ) 

This acid contains a grenteP abundance of 
in any other, but it I'etains it willi very littlQ 

. Then it must be a powerful causticj both 
fitcility with which it parts witb' its osygeO) and 
dty which it affords '. 

J. Very well) Emily ; both cause and eflect 
pLy such as you describe : nitric acid bunia and 
-in kinds of organized matter. It eyen sets 
tne of the most combustible substances. Wb 
& a little of it over this piece of dry warm char- 
h see it inflames it immediately ) it would do 
^with oil of turpentine, phosphorus, andseve- 
; very combustible bodies. This shews you 
y this acid is decomposed by combustible bo- 
re these effects must depenc! upon the absorp- 
ipsygen. 

I acid has been used in the arts from time im- 
St but it is not more than twenty hve years that 
ocal nature has been ascertained. The cele- 
^. Cavendish discovered that it consisted of 
parts of nitrogen, and 35 of oxygen.* These 
I,, in their gaseous state, combine at a high 

r. ; and this may be effected by repeatedly 
electrical spark through a.mixture of the 

, The nitrogen and oxygen gasscs, that corn- 
atmosphere, do not combine, I suppose, be- 
5r temperature is not sufficiently elevated ! 
fe- But in a thunder storm, when the light- 
aledly passes tlirough them, may it noj pro- 
c acid ; we should be in a strange situation if 
Itorm should at once convert the atmosphere 

t. There is no danger of it my dear ; the 
$an affect but a very small portion of the at- 
'-, and though it were occasionally to produce 
pic acid, yet this never could happen to such 
to be perceivable. , 

•rtioat stated by Mr. DiTj, Ki W* Ctociwai'^*:' 

385. 
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Emily. But liow towld the nitric add be know 
nscd, befurc ihe method of eoirbining its consfit 
vas discovered ! 

Jlfrg. j5. Before that period ihe nitric acid« 
tained, and it is indeed still estracted for the en 
piirpasea of art, fromlhc compound salt whichil! 
with potasli) commonly called nitre. 

<ZaTotme. Why is it called bo ? Pray, Mrs.} 
these old unmeaning names be entirelj' given ■ 
us at least ; and let us call this salt niirat of pom 

Mra. D. With al) my heart ; but it is necesW 
J should, at least, mention the old names, and 
especially those tl»at are yet in common use ; oihe 
when you meet with them, you would not be i 
understand their meaning. 

Emily. And how is the acid obtained from 'i» 

Mrs. B. By the intervention of sulphuric acid) 
combines with the potash, and sets the nitric -i 
liberty. Tliis I can easiiy shew you, by mixing 
niirat of potash and sulphuric acid in this reloi 
heating it over a lamp ; the nittic acid will con 
in the form of vajwur, which we shall collect in 
bell. This acid diluted in vrater is commonly 
wpia fortis, if Caroline will allow me to metiti 
name. 

Caroline. I have often heard that aqua forlis" 
solve almost all metals ; it is no doubt because i 
its oxygen so easily. 

Mr». B. Yes ; and from this powerfiil solvi 
perty, it derived the name of aqua fortis, or sti> 
ter. Do you not recollect that we oxydated, ai 
'wards dissolved some copper in this acid ? 

Emily. If I remember right, the njtrat of 
was the first instance you gave us of a compoun 

CaroHne. Can the nitric acid be completely 
posed and converted into nitrogen and oxygen : 

Emily, That cannot be the case, CaroUn 
the acid can be decomposed only by the combii 
its constituents with other bodies, 

Mrt. B. True ■, \ivM:a\ov\t\a«a'Si!iw2».%»t' 
ose. By matm^ Ave wivA ^aaa -ivtiiiiiig^ ^t^ 
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^^■hlbe, it is decomposed ; the nitrogen Dnd.oxya 
^^^njn tlie caloi'ic which they had lost in coniUn- 
^^B are thus both restored to their gaseous !>tate. 
MR oitiic acid ma;; also he partly decomposed, ai)4 
9^this means cenverted iiito kitrous aciu. 
Caroline. This conversion must be easily effected, 
the oxygen is so slightly combined with the nili'ogen, 
^frs. B. The partial decomposition of nitric acid is 
h-dily eETected by most metajs ; but it is suificient to 
pose the nitric acid to a veiy strong light to make it 
■"e out oxygen gas, and be thus convei'ted into nitrous 
«1. Of this acid there are various degrees, accordt 
S to the proportions of oxygen whicli it contains ; 
i Birongest and that into which the nitric acid is first 
^^e^ted, is of a yellow colour, as you see it in tliis bot- 

^aroiint. How it fumes when the stopper is talten 

\. 

-Mr». JB. The acid exists naturally in a gaseous state, 
«d is here so strongly concentrated in water that it ia 
•nstantly escaping. 

Here is another bottle of nitrous acid, which, you 
«is of an orange red colour ; this acid is weaker, die 
trogen being combined with a smaller quantity of ox- 
jen i and with a still less proportion of osygen it i* 
I olivf green colour, as it appears in this third bottle. 
t short, the weaker the acid, the deeper is its colour. 

Nitrous acid acts still more powerfully on some in-. 
immable substances than the niiric, 

£fmb/. I auk surprised at that, as it contains lesa 
tygeo. 

JMrx. B. But, on the other hand, it parts with its 
[ygen much more reudily : you may recollect that we 
ice inOamed oil nith this acid. 

The next combinations of nitrogen and oxygen forio 
ily oxyds of nitrogen, the first of which is conimon-- 

called nif row air : at more properly nitiic oxyd gas. 
his may be obtained from nitric acid, by expo^ng 
le latter to the action of metals, as in dissolving them 
joe s not yield tlie whole of its oxygen, but ve,tiU]As.%. 
■fa of tills principle sufEcietrt «j t:omeYX.'«.\vWi<m& 
V T 2 



peculiar gas, a fipecimep of ^rhicb I have 
and preserved within this inverted g^ass heU. 

Emily. It is a perfectly invisible elastic fluid. 

Mra. B. Yes ; and it may be kept any \mgki 
time in this manner over water, as it is not, ISkI 
nitric and nitrbus acids, absorbable by it. It is 
heavier than atmospherical air, and is incapable cl 
porting ^ther combustion or respiration. I am- 
to incline the glass gently mi one side, so as to let i 
of the gas escape — 

Endly, How very curious !-.^It produces 
fumes like the nitrous add ! that is the more 
dinary, as the gas within the glass is perfectly! 

Mrs. B, . It would give me much pleasure if 
could make out the reason of this curious change 
out requiring any further explanation. 

Caroline. It seems, by the colour and smefi) 
it were converted into nitrous acid gas ; yet that 
be, unless it combines vnth more oxygen ; and 
can it obtain oxygen the very minute it escapes 
the glass ? 

E7nily, From the atmosphere, no doubt. Is it 
so, Mrs. B. ? 

Mrs. B. You have guessed it ; as soon as it coines 
in contact with the atmosphere it absorbs from ittj*, 
additional quantity of oxygen necessary to convert it ffl^ 
to nitrous acid gas.— And, if I now remove the botik i 
entbely from the water, so as to bring at oncetlic 
whole of the gas into contact with the atmosphere} tto 
conversion will appear still more striking. 

Ermly, Look, Caroline, the, whdc capacity of til^ 
bottle is instantly tinged of an orange colour ! 

Mrs. B. Thus you see it is the roost easy p 
imaginable to convert mtrotia oxyd gaa into 7dtrw»^\ 
gas. The property of attracting oxygen from the tf^ 
mosphere, vrithout any elevation of temperature, 1* 
occasioned this gaseous oxyd being used as a test f^ 
ascertaining the degree of purity of the atmosph*** 
I am going to show you how it is applied to this jwrpo* 
— ^You see this graduated glass tube, which is doi»- 
aton^end; CPiatcWW, Jei^A^.)— \ ^Kfc.'SSU.^ 



i 



i 



] 



( 2H ) 

r, and then introduce a cert^ measure of nitrous 
which, not being absorbable by water, passes Aro*" 
nd occupies the upper part of th6 tube. I most 
add rather above two thirds of oxygen gas, which 
just be sufficient to convert tlie nitric oxyd gas, in-^ 
trous acid gas. 

iro&ne. So is has !— I saw it turn of an orange co-- 
; but it immediately afterwards disappeared entire- 
fid the water, you see, has risen, and almost filled 
abe. 

"s. B. That is because the acid gas is absorbable 
*ter, and in proportion as the gas impregnates the 
', the latter rises in the tube. When the oxygen 
i very pure, and the required proportion of nitric 
gas very exact, the whole is absorbed by the wa- 
but if any other gas be mixed with the oxygen,. 
id of combining with the nitric oxyd, it will remain 
ccupy the upper part of the tube ; or, if the gas- 
B not in the due proportion, there wUl be a residue 
at which predominates.^-Before we leave tliis sub- 
I must not forget to remark, that nitric acid may 
rmed by dissolving nitric oxyd gas in nitric acid, 
solution may be effected simply by making bubbles 
trie oxyd gas pass through nitric acid. 

nily. That is to say, that nitrogen, at its highest 
2e of oxygenation, being mixed with nitrogen at 
west degree of oxygenation, will produce a kind of 
mediate substance, which is nitiic acid. 
rs, B, You have stated the fact with great preci- 
— There are various other lAethods of preparing 
as oxyd, and of obtaining it from compound lx)dies ;. 
is not necessary to enter into these particulars. It 
ins for me only to mention another curious modifi- 
1 of oxygenated nitrogen, which has been distin- 
ledby the name of gaseous oxyd of nitrogen. It is 
ately that this gas has been accurately examined, 
ts properties have been chiefly investigated by Mr.. 
'. It has obtained also the name of exhilirating 
from the very singular property which that gentle- 
has discovered in it^^of elevating the animal spirits, 
I inhaled into the lungs, to a dc^ee sometimes re« 
^g delirium or intoxicadon. 
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II is respirable, then \ 

Mrs. B. It can scarcely be called respii^Ifta' 
would not support life for any length of timei kf 
may be breathed for a few moments without xoy otf 
cITccts, than the angular exhillration of spirits Ihrt 
just mentioned. It affects different people, liowia / 
m a very different manner. Some became violent, ifl . 
outrageous: others experience a languor, attenclrfMlfl;^ 
fcintness ; but most agree in opinion, that llie « 
tjons it exciles are extremely pleasanl. 

Caroline. % think I shoyld like to try il-i-howdtij 

Mrs. B. By collecting the gas in a bladder,! 
& slioit tube wilh a atop-cock is adapted ; this is , 
to the mouth with one hand, whilst the nostrils i| 
closed with the other, that the common ai 
no access. You then alternately inspire, 
the gas, (ill you perceive its effects. But I 
sent to your making the experiment i for the' 
are sometimes unpleasantly affected by it, and I 
not run any risk of that kind. 

F.mily. I should like, at least, to sec someldj 
breathe it ; but pray by what meana is this cuiioHS]' 
obtained ? 

Mrs. B. It is procured from vitral of ammtmit 
afiificial salt, which yields this gas on the applicttii 
of a gentle heat — I have put some of Uie KdtiBSt 
retort, and by the aid of a lamp the gas wtUbe "^ 
Gated — 

Caroline, Bubbles of air begin to escape throw gli ill 
neck of the retort into the water appai-atus ; willj* 
pot collect them ? 

Mrs. B, The gas that Brst comes over 
served, as it consists of little more than the coinin* 
air which was in the retort ; besides, there is allt^ 
in this experiment a quantity of watery vapour vrW 
must come away before the niti'ous oxyd appean. 

Emily. Watery vapour ! Whence does that JW 
ceed ? there is no water in nitrat of ammonia ! 

Mrs, B. You TOMftl ieiL(i\WiAVl\'iV there is in eveiy 
5a]l a quaiiiity o£ wM.ct o^ tvj&\?SaiB;isn\., Vnu^-wefw 
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Med by heat alone. But, besides this, 
J generated in this experiment, as you 

But first lell me, what are the consul 
P'nitrat of ammonia I 

Ammonia, and nitric acid : this salt, there- 
antoins three difTerent elements, lutrogen and 
en, which produce the ammonia ; and oxygen, 
■ with nitrogen, forms the acid. 

Well, then, in this process the aram( 

biposed ; the hydrogen quits the nittogci 

Rh Kime of the oxygen of the nitric acid, on^ 

pilh it the watery v;ipour which is now coming 

Vhen that is efiected, what will )(m expect to 

Nitrous acid instead of nitric acid, and ni- 
Instead of ammonia, 

Exactly so ; and the nitrous acid, and 
Mmbine, and form the fpseous oxyd of 
6 which the proponion of oxygen is 37 parts 
Btrogen. 

Kmay have observed, that for a little while no butj- 
Hkir have come over, and we have perceived on- 
n of vapour condensing as it issued into the 
^Now bubbles of air again make their appear- 
ed I imag^e that by this lime all the watery 
e away, and that we may begin to collect 
IE gas. We may try whether it is pure by filling a 
Iliol with it, and plunging a taper Lito it — yes, it will 

now, for the taper burns brighter than 
lull air, and with a greenish flame. 

(Slimline. But how is tlial ? I thought no gas woi 
ipjwi't comljustion but oxygen. 

Mrs. B. Or any gas that contains oxygen, and ia 
^y to yield it, which is the case with this in a con^ 
deralde degree ; it is not, therefore, suipri»itg that 

should accelerate the combustion of the taper. 

You see that the gas is now produced in great abun- 
ancB ; wc shall collect a large quantity of it, and I 
are saj we shall find some of the family who will be 

1 irioMs to make the experiment ot ve^^Wm^ \\. ^^V'ii 

; x-occss is going on, we may laVit s. ^e.xvii\^ w: ~ 
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ef the most important combination of the ni 

li-ous acids with the alkalies. 

The first of these is nitrat of fianuh, common!] 
ed Jii're, or aallfielre. 

Caroline. Is not that the salt with which gunpi 

Mrs. B Yes. Gunpowder is a niixturti 
parts of nitre to one of sulphur, and one of cbuc 
Nitre from its great propordon of oxygen, and 
the facility with which i[ yields it, is the ba^O 
detonating compositions. 

Jimilu. But what is tJie cause of the violent^ 
tlon of gunpowder when set fire to ? 

Mra. B. Detonation may proceed from two C 
the sudden fonnation or destruction of an elaadi 
In the first case, when either a solid or Uquidia' 
taneously converted into an elastic fluid, the pw 
ftnd sudden expansion of the body strikes tlie si 
great violence, and tliis concussion produces lh< 
called detonation. 

Caroline. That I comprehend very well ; itt 
can a similar effect Ije produced by tlie destrucli 
gas ! 

Mn. B, A gas can he destroyed only by w 
ing it to a liciuid oi' solid stale ; when this taUe 
suddenly, the gas, In assunung a new and roor 
pact form, produces a vacuum into which the aui 
ing air rushes with great impetuosity ; and it is 
rapid and violent motion that the sound is prodt 
In all detonations, therefore, gasses are either i 
ly formed, or destroyed. In that of gunpowi!' 
you lell me which of these two circumstance: 
place >. 

Emily. As gunpowder is a solid, it must, of 
produce the gasses in its detonation ; but howj 
not tell. 

Mrs. B. The constituents of gunpowder, 

liealed Co a certain degree, enter into a niimbef 

combinations, and are instantaneously convertet 

variety of gasaea, \\vft aoA&en ci'^aaMwantjC^^*' 

I nae tQ the detotiB'tion. 
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im-o&ne. And in irhat instance does ihe deetmcd 
ondensatton of gasses produce deconalion ? 
Ifrt. B. I can give you one with which you arsl 
[ acquainted; the sudden combination of the oxygei] 

hydrogen gasses. 
iiroHne. True; I recollect perfectly that hydrogen 
■nates with oxygen when the two ; 
«d into water. 

kfr». B. But let us return to the iiitrat of potash^ 
S salt is decomposed when exposed to heat, a 

eil with any combustible hody, such as carbone, 
tfaur, or metals, these substances oxydating rapidljr 
tje espcnse of the nitrat. I must shew you an in- 
ice of this, — I expose to the fire some of the salt in 
nail iron ludle, and when it is sufficiently heated] 

to it some powdered charco.il ; this will uttraci the 
gen fttim the salt, and be convened into carbonic 
1— 

Entity. But what occasions that crackling noise, and 
se vivid flashes that acconlpany it ? 
f\Jrs. B. The rapidity with which the carbonic acid 
k is formed, occasions a succession of small delona- 
is, which, together with the emission of tiame, is 
led dr^o^-a/ion. 

JVUral of ammoma \¥e have already noticed, on ac- 
3iit of the gaseous oxyd of nitrogen wliich is obluined 

.V:a-ac D/itlver is the lunar caustic, so remarkable 
■ its propei-ly of destroying animal fibi'e, for which 
Tpose it is often used by surgeons. — We have said 
much on a former occasion, on the mode in wliich 
uBiics act on animal matter, that I shall not detain 
u any longer on this subject. 



We now come to the carbonic acid, which we 
ive already bad many opportunities of noticing. Vou 
lollect that this acid may be formed by the comhus* 

tirbone whether in its imperfect stare of char* 
in its pui-est form of dumoiid. Mui^^^w*. 
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necessary, Ibr this purpose, to bum l' 
pure oxygen gas, us we did in a preceding leciiit 
you need only li^ht a piece of charcoal and sua 
under the receiver on the water bath. The a 
will foon be extinguislied, and the air in the r 
will be fovuid mixed with caTbonic acid, the j 
however, is much more expeditions if the combn 
performed in pure oxj-gen gas. 

Caroline. But how can you separate ihe( 
acid, obtained in this manner, ^rom the air ^ 
it is miscd. 

Mr^. B. The readiest mode is to introdijl 
the receiver, a quantity of caustic lime, urcS 
kali, which soon attracts the whole of the caibi 
to form a carbonat. — -The alkalj'is found inci 
weight, and the volume of the air is diminisl 
quantity equal to tliat of Che carbonic acid wl 
mixed with it. 

Jitmlij. Pray is there no method of obtaini 
carbone from carbonic add ? 

Mrs, B. For a long lime it was supposed t 
bonic acid was not decomposable ; but Mr. ' 
discovered, a few years ago, that this acid ma 
composed by burning phosphorus in a close 
with carbone of soda or carhonat of lime : t 
plioiTJS absorbs the oxygen from the carbona 
the carbone is separated in the form of a hlack 

CanUne. Cannot we make that experimenl 

Mrs, B. Not easily ; it retjuirea being p( 
with extreme nicety, in order to obtain any 
quantity of carbone, and the experiment is n 
delicate for me to attempt it. But there ca 
doubt of the accuriicy of Mr. Tennant's resn 
- all chemists now agree, that 100 paila of carbc 
gas consist of about :i8 parts of carbone to 73 ol 
gas. 

Cwbonic acid gas is found very abundantly in 
it is supposed to form about a hutidredtb pu 
atmosphere, and is constantly produced by the 
tion of animals ; it exists in a ^reat variety of < 
ti(ms, and i&extia\«d^\onvi»3n'j w<i.vixa^&»u!:fss 
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1-ConCained in aslale of great purity In certain Mvi 
h as the Grotto del Cane, near Naples. 
Bniiiy, I recollect having read an account of thi,_ 
rtto, and of the cruel expei'iments made on the poof' 
p, to gratify the cuiiosity of strangers. But 1 un- 
■sUmmH that the vapour exhaled by this cave was call- 
/tcc/ air. 

'"s.B. That is the name by which carbonic acid 
i.Tiown before its chemical coniposilion was discov* 
—This gas is iDOre destructive of life than any 
. I ; and if the poor animals that are submitted to 
eSbctB, are not plunged into cold water as soon as 
y become aeuaeless, they do not recover. It extin* 
liies flame instantaneously. I have collected soniD 
'^ii glass, which I will pour over the candle. 
• ''tine. This is extremely singular — it seems to 
.uish it as it were by enchantment, as the gas ii 
i!jlo, 1 never should have imagined that a ; 
d have been poured like ali<juid. 
fi-«. B. It can be done with carbonic acid only. 
Ujer gas is sufficiently heavy to be susceptibte of he* 
poured out In the atmospherical air, without mix*^ 
Wrtli it. 

'>miy. Pray by what means did you obtain this gas 
fra. B. I procured it from marble. Carbonic aciu 
Kas so strong an attraction for all the alkalies and 
iline earths, that these arc alw»ys (bund in nature in 
4tatc of carbonats. Combined with lime, this acid 
»s chalk, which may be considered as the basis of 
■iids of marble, and calcareous stones. From these 
tCances carbonic acid is easily separated, as it ad- 
ss 50 slijjhtly to its combinations, that the carbonata 
all decomposable by any of tlie other acids. I can, 
\ y shew you how 1 oblmned this gas ; 1 ]murcd :on ' 
ted sulphuric acid over puli'erised marble in lli 
le (the same whirh wc used the other day to pri 
e hydi-ogen j;bs\ and the gas escaped through " 
2 connected with it ; the oi>er:aion slilJ continues 

may easily perceive.— 
^MiUy. Yes, it does ; there is a great fermei\tati( 

Kghss vessel. What singular CQi:im\o'v\ca"'tt. 
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eitetl by tlic sulphuric acid taking possession ot 
aitd driving out tlic carbonic acid ? 

Curolinr. Bill (\id the carbooic aud c\i5tiu»ip 
eous slate in lite iii^ble '. 

Mn. B. Of course not ; the acid, vrhen inn* 
uf combinution, is capable of existing in a Bolidfnor- 

CaToline. Whence, then, does it obtain die ( 
iiecesEsry to convert it into a gaa ? 

Mtm. B. It may be supplied i 
mixture of sulphuric acid and walef) which |8 
an evolDtion of heat, even greater than is 
the purpose ; since, as you may perceive by to 
the ^lass vessel, a considerable quantity of the<at 
disengaged becomes sensible. Birt a supt^yofd 
may be obtained also from a diminution of capu^ 
heat, occasioned by the new combination whidtfll 
place ; and, indeed, this must be the caseyheiiH 
acids are employed for the discngugcmeiil 
add gas, which do not, like the sulphuric, [> 
heat on being mixed with water. Carbonic wiiM 
liltewiae be disengaged from its combinalions lif Ip 
alone, which restores it to its gaseous state. 

Caroline. It appears to me very cxlraoMimiT^ 
tlie same gas, which is pToduced by the buminf 
wood and coals, should exist also in stones, m 
and chalk, which are incombustible substances. 

Mrs. B. I will not answer that objection, C 
because I think I can put you in a way of dmng ii ]• 
self. la carbonic acid combustible I 

Cafolhie. Why, no — because it is a boc^jl 
been already burnt, it is catbone only, Mid n ' 
that is combustible. 

Mrs. B. Well, and what inference do j'0« 
tills I 

Caro/inr. That carbonic acid ( 
dies in which it is contained combustible ; 
plc carbotie does, and that It is in this eletntil 
that ii exists in wood, coals, anda great va^' 
er combustible bodies. — Indeed, Mrs. B. y« 
Ki'geneiows ■, ^jow avc tiq\ saus&sA-sVA^ « ' 
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: my objections are TriTQloos, but you oblige me 
N-t: ihem so myself. 

V7r». B. You must confess, however, that I makt 
p>le amends for the detection of enor, tvhcn I eiiab^ 

to disctfver tlie truth. You understand, now, I liope, 
: carbonic add is equal]}' produced by the decompo* 
am of chalk, or 1^ the comlxisiionof cliarcoal. These 
cesses are certainly of a veiy different nature ; ill 

first case the acid is ali'eady formed, and requii'eR 
lung more than heat to restore it to ks gaseous state . 
ist, inthebtter, the-acidis actually formed by the 
c^ess of combustion. 
-'arolint. I understand it now perfectly. But I hav«' 

been thinking of another difficulty, whicji I ho] ,^ 

will excuse my not being able to remove myself' 
i-v does tlie immense quantity of calcareous eaith"^ 
ah is spread all over the globe, obtain the carboiuj 
1 which is combined with it ? 
^rs, B. This question is, indeed, not very 
Wer ; but I conceive that the genei'a] carbonization 
^Icareous matter may have been the effect of a gen- 
I combustion, occasioned by same revolution of our 
fcke, and praducing an immense supply of carbonic 
ij with which the calcareous matter became impregf 
Bd ; or that this may have been efTectcd by a gradu> 
tbsorplion of carbonic acid from the atmosphere.— r 
t this subject would lead us to discussions which w^ 
'Hot indulge in, without deviaung too much from fluft 
iject. 1 

SnnVi/. How does it hapjien that we do not perceive 

pernicious effects of the carbonic acid that is float-. 
' in the atmosphere ? 

?Vr», B. Because of the state of very great dilutioa 
which it exists there. But can you tell me, Emily, 
.at are the sources which keep the atmosphcr 
titly supplied with this acid ? 
Smib/. I suppose the combustion of wood, 
3 other substances, that contain carbone. 
Mrs. B, And also the breath of animals. 
Carotfne. Tiie breath of animals ! I thought yogi 
d that this gas was not at all rcsp\va\j\ei XiviV, 
'irary, cxtrenjci/ poisonous. 



tej 

the ^^ 
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sucn a ueituiy poison i 

Mrs, B. The manner in which t 
life, seems to be merely by prcventit 
I'cspirable air ; for carbonic acid gas, i 
diluted with common idr, does not p 
lungs, as the windpipe actually contt 
it admittance. — But we must dismiss tl 
sent, as we shall have an opportunity i 
spiration much niwe fully, when we & 
ical functions of animals. 

£ntUy. Is carbonic acid as destnii 
vegetables, as it is to that of animals 

Afr«. B, If a vegetable be compk 
it, I believe it generally proves fatal i 
in certain prt^rtions with atmosptaek 
contrary, very favourable to vegetatio 

You remember, I suppose, our me 
cral waters, both natural and arlificii 
carltonic acid gas ? -' 

Carolina. You mean the Seltzer wi 

Mra. B. That is one of those whi 
there are, however, a vaiiety of othe 
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■^"always found combined ivith it ; and you 
lectthat it is only by separating them fvom 

lliat lliey acciiiire (hat causticity and those str' 
.lies which I have formeriy described. All 

chalks, shells, calcareous sparS) and liine-si 
t'ery description, are neutral sails, in which limf^ 
* conuooD busis, has lost all its characteris 

!CS. 

i/iiJi/. But if all these various subslanccB are form- 1 
y the union of lime with carbonic acid, whenctf J 
IS their diversity of form and appearance'? 
rrs. B. Both from the itifTerent proportions of their 
lioncnt parts, and from a vai'iely of foreign ingre- 
ts wtHch may he occasionally mixed with them: 
%~eins and colours of marble, for instance, proceed 
1 a mixture of metallic substances ; ^lex and alu- 
e also frequently enter into these combinations. 
:: vaiious carbonnts therefore, that I have enumerate- 
cannot be considered as pure unadulterated neutral 
i, although they cenainly belong to that class of J 
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k and oxygenated 
muriate. 



e now to the luidecompouodcd acids. — Thai 

BIATic, formerly called the marine acid, is ^e 
y oue that requires our particular attention. 
The basis of this acid, an I have told you before, is 
•~~aaB, ail attempts to decompose uWtowWvw^ 
^ V 3 
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proved fruitless ; it is, therefore, bjr anal^ 
we suppose it to consist oCacertuin substance 9 
combined with ox}y;cn. 

Caroline. It con tlieii never be fornied by I 
binadon of simple bodies, but must alwiiyt b 
Irom its compounds. 

Kmity. Unless the acid should be &tind ' 
uncomyned with other substances, 

Mrt. B. I believe that is never the catC' 
dpal combinations are with soda^ lifne. and o 
Muriat tifioda, is the common sea salt, and I 
substance the acid is usually disengaged by i 
the sulphuric acid. The natural state of tltc 
acid, is that of an inviuble permaneflt gas* ai 
inon temperature of the atiuosphete; but ilb 
tremely strong attraction for water, and ass 
form of a whitish ctoud, whenever k meets 
moisture to combiiie with. This acid is rema 
its peculiar and very pungent smell, and pos 
a powerful degree, most of the aci<l pi-opertic 
is alwttle containing miimtic acid in a bquidt 

Caro&nc. And how is it liquiSed ! 

Mra, B. By impregnating water with it ; 
attraction for water makes it very easy to li 
a li(|iiid form. Now, if I open the phial, yo 
serve a kind of vapour rising from it, which 1 
acid gas, of itself invisible, but made apparei 
bining with the moisture of the atmosphere. 

Eniily. Have you not any of ilie pure mu 
gasi 

Mrt. B. Thie jar is full of that add m * 
state — it is inverted over mercury instead of ' 
cause, being absorbable by water, this gas ■ 
confined by it. — 1 shall now raise the jar a Tit 
«de, and suffer some of the gas to escBpe<- 
that It immediately becomes visible in the 

Emily. It must be, no doubt, from its ur 

the moisture of the atmosphere, that it ia cuo 

k to tlus dewy vapour. 
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. Ceitainiy ; and for the same 
> say, its extreme eagerness to unite 
ill cause snow to melt as rapidly 



hill/. Since ihis aeid cannot be (iecomposcd) I 
lose that ills not suscepiihlc of difTerent degt'ees 
ftrgenatJoti ? 

You are mistaken in your conclusion i foi- 
b) we cannot deoxygeuate this acid, yet ve may 
^ygcn to it. 

w. Why ilien is not tlie least degree of ox- 
1 of the acidi called the nairiatausy and the 
T degree the muriatic acid ? 

Because, instead of becoming, like otlief 
If Toore dense, and more acid by an iiddiiion of ox- 
is rendered on tlie contrary more volatile, mora 
pnt, bat less acid, anfl less absorbable by wat«r. 
le circumstances, therefore, seem to indicate the 
Seiy of making an exception to Uie nomenclature, 
highest degree of oxygenation of this acid has been 
igiushed by the additional epithet of ojn/i'mo'rrf, 
fcr the sake of brevity, oxy, so that it is called the 
glutted, or oxy-nmriatic acid. This likewise exists 
[eaeous form, at the temperature of the atmos- 
ia also susceptible of being absorbed by water, 
n be congealed, or solidified, by a certain degree 
1. 

Ejtttty. And how do you obtain the oxy-muriatic 
Bcid? 

Mrs. B. By distilling liquid muriatic acid over ox- 
yd of manganese, which supplies the acid with the ad. 
clitional oxygen. One part of tlie acid being put into 
a retort, with too parts of the oxyd of raanganese, and 
the heat of a lamp applied, the gas is soon disengaged, 
and may be received over water, as it is but sparingly 
absorbed by it. I have collected some in iliis jar — 

Caroline. It is not invisible, like tlie generality of 
gasses J for it is of a yellowish colour. 

ATrt. B. The muriatic acid entinguishes flame, 
wliilst, on tlie contrary, the oxy-mnriutic makes the 
flame larger, and gives it a dark red colour. Oja "" 
account hr this tliflereiicc in the two aiAd^*. 



^:^^J 



22* ) 






I 

I 

I 



think so ; the muriatic ncH H 
be decoDiposeil, and tlierefore will imt aupplj-iktS 
with the osygfn necessary fi>r its sujiport; Uii il 
ihis acid is titrthcr oxygenated it wIU pari wiihiB^ 
ditiona] ciuantity of osygenj aud in this wnjw 
cumbustion. 

Mrt. B. That is exactly the case ; indeed ihi 
ygcn, added to the muiiatlc acid, adhere£ m ^ 
toic, that itihsepiiratedby mere exposiireio 
rays. This acid is decompo&ed alao by co .^ 

bodies, many of which it bums, and actually inErti ^ 
without any previous increase of temperature. 

Carolina. That is extraordinary, indeed ! I baft} g 
meiin to indulge us with some of these experimcMi jj 

Mr». B. I have prepared several glass jurs of* 
muriatic acid gas, for tJint ptir[>osc. In the h€ h 
shall introduce some Duldigold lear^^-DoyousM j 
that it takes fire I j 

Emily. Yes, indeed it docs— how wondeiMili q 
it became immediately red hot, but was stwa SsA I 
ed in a tliick vapour. li 

CaraliiK. Good heavens! what a (UsagreeahtelB ' 

Mrt. B. We shall try the aame experinrtj' 
phosphorus in ano^Jleriar of this acid.— You hWM ' 
keep your handkerchief to your nose when I open* ' 
now let us drop into it this tittle piece of pboaphalV ' 

Caroline. It burns really : and almost as biillim'^l 
in oxygen gas 1 But what is most extraordinary, dl 1 
combustions take place without tlie metal or pbt^ 
rus being previously lightedtor even in the leastbol 1 

Mr*. B. All these cuiious effects are owing w! I 
very great facility wjtli which this acid yicWs Qq| ^ 
to such bodies as are strongly disposed to comluntl 
it. It appears extraordinary indeed to sec bodiWi I 
metals in particular, melted down and influniei Ij 
gas, witliout any increase of temperaiiire, citWt' 
the gas or of the combustible. Tlic plieoonW* 
however, is, you see, well accounted for- _ 

Eniily. Why did you bum a pieceof Duuhfi'l 
leaf rather than a piece of any other metal ! 

Mrs. B, Bcc'iMiei to \Ve, W 
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Ki of met^ cou^sdog chicflv of ( 
L-:ks readily ; aJid 1 use a thio meuBic fa 
e: lo a lump of meta], because a often 
l~»e ga& but a small qiuuiaiyaTDi 
iace. — Filings, or sharings, w* 
a nearly as well ; but a lump of nMUJ, iboD^ t 
~£ice would oxydate with great npidhf't w^ i 
^ fire. Pui-e gold b not infhmed by oxy-atnrii 
t gaS) but it is rapidly oxydated, and cbUohrcd \rf 
indeed, this acid is the only one that vill dnaolre 

--niilij. Tliis, I suppose, is what is cornnKmly cslle4 
TV rrgia, which you koow, b the only thing ihu will 

xipon gold. 

*/rs,S. That is not exactly llie case either ; for aqua 
>ii is composed of a mixture of muriatic and oicric 
1 - But, in lact, the result of this nuxtuie is w>< 
:k g more than oxy-muriaiic aod, as tbe inuriatic acid 
' gcnales itself at the expense of the tuiric ; ihis nux- 
3, therefore, though it bears the name of lutro mu- 
"« add, acts on gold merely in wrtue of tlie oxjj- 

liatic acid which a c~" '-- 



Sulfur, volatile oils, aitd many other subslaoces, 
A born in the same manner in oxymuriatic acid gas ; 
E: I have not prepared a siiElicient quantity of il| to 
*wyou the combustion of all these bodies. 
Otrotfue. Yet there are several jars of the gas 

•^fra. B. We must resene these far other 
='>ls. The oxy-muriaiic acid does not, like olhi 
ds, redden the blue vegetable colours ; but it totally 
itroys any colour, and turas all vegetables perfectly 
He. I-et us collect some vegetable aubsianees to 
into this glass which is full of gas. 
Sillily. Heit; is a sprig of myrtle— 
^aroiine. And here some coloured paper — 
Afi-«. B. Wc shall also put in this piece of coqt 
>t ribbon, and a rose — 

Kw/i/. Their colours begin to fade immediately 
t bow does the gas produce this effect ? 

Tile o\y!j;gn coiixhiuca VttXviSxa c-A^'i's 
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l«r of these aubsunces, and destroys U; 

ilcsU'oys llie property which these colouril 

k'ciing only one kind of rays, nnti renders llr 

bic ol' reflecting them ull. which, you b« 

tnakc them appear white. Old piiiitt may btdl 

' by this acid, lor the papev will be whitened vfWia 

juring the impresMon. swprinicr'sink ismatSeofDl 

rials (oil and lamp blick) which are not acted"? 

BCldS. 

This pi\)perty of the oxy-nmriaiic acid has h^l 
been employed in raunu factories in a varieij of Ulf 
ing procciiiies ; but Ibr these purposes the guMT 
dissolved in watei', as the acid 13 thus rendei^ 
inilder and less powerful in its eflects ; 
ous slate, it would destroy the textui-e 
colour, of the substance submitted to it; 

CaroHnf. Look at the things which ive putilffl 
gas; they have now entirely losttlieir colour! 

Mrs. B. The effect of llie acid is almost comitt 
--and, and if we were to examine the cjuamity iMm 
mains, we should find it consist cMe£y of mutialiciflB 

Theoxy-niuriaticadd has been used topuntl'jlj 
air in lever hospitals and prisous, as it burns a ' 
troys putrid effluvia of every kind. " 

the small pox is likewise desiioyed by thisg«s,Uldi4 
terthat has been submitted to its influence will l» lor" 
generate that disorder. 

CaroHuf. Indeed, I tliiiik the remedy must bel< 
Jy as bad as the disease ; the osy-muriatic acid li»i" 
a dreadful suffocating sniGll. 

MfB. B. It is ceitajnly estremely offensive I * 
by keeping I he mouth shut, and wetting the wr 
■with liquid ammonia, in order to neutralize thctl_ 
as it teaches the nose, its prejudicial effects ma; I* 
some degree ppe vented. At any rate, howewTi" 
mode of disinfection can hardly be used in place) 9 
are inhaluted. And as the vapour of nitric acid, V" 
arcely less efRcacious for.this purpose, is attW 
prejudicial, it is usually preferred an such ocCttSK*'^^ 
tngst the compound salts formed by Hi 
[ acitl) the muriat of BQda, " -"- 
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csting. The uses and properties of this sah arv ^ 
veil known to require much comment. Besitk 
>leiisant flnTOur it imports to the food, it 
lesome, when not used to excess, as it greatly a 

the process of digestion. 
sa-water is the great source from which the muriat 1 
■<ia is extracted by cvapor^iion. But it is fDUiid also I 
■^ge solid masses in the bowels of the eaith, in Eng-J 
, ant! in many other parts of the world. 
*idly. I thought that salts, when solid, were al-.J 
3 in a state of crystals ; but the common table salt.J 
the form of a coarse white powder. 
?>B. B. Cr)'slalliiKition depends, as yon may recol-. 

on the slow and regular reunion of particles dis- 
=d in a fluid ; common sea salt is only in a stMe of 
erfect crystalUaaiion, because the process by wliich 
prepared is not favorable to the formation of regu- 
^vystals. But, ifyoumcltit, and afterwards eva- 
.le the water slowly, you will obtain a regular crys- ' ' 
Cation. Jk 

Muriat ofammmija is another coinbinal ion of this acid* « 
::h we have already mentioned as the principal 
xe from which ammonia is derived, 
can at once shew you the formation of this salt by 
immediate combination of mun'auc acid with ammo- 
-— These two glass jars contain, the one muriatic 

gas, the other ammoniacal gias, both of which are 
r«ctly invisible — now, if I mix them togeilier, you 
They immediately form an opaque white cloud like 
►ke. If a thermometer were placed in the jar in.! 
ch these gasses arc mixed, you would perceive that 5 
le heat is at the same lime piwluced. 
imiiy. The effects of chemical combinations a 
ted, wonderful — how extraordinary it is that two 
ble bodies should become visible by their union. 
•-/«. B. This strikes you with wonder because it i 
lienomeiion which nattirc seldom exhibits to oi 
.V ; but ilie most common of her operations are t 
idcrful, and it is their frequency only that pi'ei 
{-.TCgEti'ding them with equid adm" 
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muTd iJ© iflore suqirismg Tor insHtncc, 1 
I, were it not rendered so familiar by cusiom 

£mit'j. That is true— But praj-, Mrs. B, 
wliitt cloud the salttliat produces ammonu.' U 
fereni it is from the solid muriat of anunoniaolii 
once shewed us ! 

Mr: B. It is the same substance which ft 
pears in the state of vapour, but will soon be a 
ed, by cooling against the sides of the jar, in d 
of very minme crystals, 

Wo may now proceed (o the oxii-t'iurialt, 
class of salts the axy-muHal '(f fioiaik is the mo 
thy of our attention, for its ttiiiiing properties 
acid, in tliis state of comUnation, coiitaiDsaiul 
er proportion of oxygen than when alone. 

CaraSnc. But how can the oxy-murialic add 
an increase of oitygen by combining with prtMl 

Mrs. B. It does not really acquire an ii 
quantity of oxygen, but it loses some of the i 
udd, which produces tfaesame efiect, asthes 
remains is proportJonably supei-oxygenatcd. 

If this salt be mixed, and merely rubbed I 
wiih sulphur, phosphorus, chai'coal, or ioA 
other combustible, it explodes strongly. 

Caroline. Like gunpowder, I suppose, ilil' 
)y converted into elastic fluids ? 

Mrs. B. Yes ; hut with this remarkable dif 
that no increase of temperature, any further 
pL'o.'^itced by the gentle friction, is requii'ed ui 
stance. Can you tell me what gaases are g« 
by the detonation of this salt with charcoal ? 

Jiifdly. Let me consider, The os; 

ulic acid parts with its excess of oxygen lo d 
c;oal, by which means it is converted into murii 
^as J whilst the charcoal, being burnt by ihc 
is changed to carbonic acid gas — What heaam 
potash I cannot tell. 

Mra. B. That is a fixed product which M 
the vessel. 

Caroftiie. BviX sn\ce 'A«s ^aci^ Cj«i « 
the new conAbiwa.U*ivi5„\i'aTi!».wi!*«! 
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s operation. Would not the oxy-mmiatic" 
&,the charcoal produce the same effect without 

I ; because tliere would rot be that very 
;oncentration of oxygen which the combination 
le potash produces, as I have just expiajned. 
Jan to shew you this expenment, but I would ad- 
lu not to repeat it alone i for if care be not taken 

only very smull quantities at a timC) the detona- 
'ill be entremely violent, and may be attended 
angerous efiecls. You see I mix an exceedingly 
quantity of the salt with a litOc powdered charcoal, 

Wedgwood morlar, and rub them together with 
stle— . 

iiinr. Heavens ! How can such a loud explosion 
duced by so small a quantity of matter ? 
r. B. Youmust consider that an extremely small 
ty of solid substance may produce a very great 
e of gasses ; and it is the sudden evolution of 
which occasions the sound. 
Jly. Would not osy-muriai of potash make sUtaig- 
ipowder than nitrat of potash ? 
(. B. Yea ; but the preparation as well as the 

this salt, is attended with so much danger, that 
jver employed for that purpose. 
oSne. There is no cause to regret it, I think ; 
; common [junpowder is quite sufficiently dcstruc- 

t. B. I can shew you a very curious experiment 
:his salt ; but it must again be on condition that 
dll never attempt to repeal it by yourselves. I 
a small piece of phosphorus into this glass of wa- 
h en a little oxy-muriut of potash; and, Lstiv, ' 
in, by i^ans of this funnel, so as to bring it ii 
,t with the two other ingredients in the bottom o 
ass, a small (quantity of sulphuric aciu — 
olinc. This is indeed, a beautiful expeiiment H 
(osphorus takes fire anri biH'ns from the bottom o 
Ller. 
1^. How woDderful it is to. see flan:c b 
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KflBctkn yoo would have diacovered i 
ring circumstancei which is, that aa ii 
pereture is prodaced by the mixture t 
acid and water, which assists iu promoti 
ti(Hi of the phosphorus. 

We have now examined such of the a 
I conceived would appear to you mosi 
I shall not enter into any particulars 
metallic acids, as they offer nothing su 
ing for our present purpose. 
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. vegetable and animal crealion ? I have, 1 

a vei7 vague idea of the wort! orgardzation, i 
« oficn wished to know more precisely what^ 

^Jrs. B. Organized bodies are such as are endow- 
fair nature with various parts, peculiarly cotisli'ucicd 

adapted to perform ceit-uii functions conuecled 
k life. Thus you may observe, that mineral com- 
tids are formed by the simple effect of itiechanicui 
lemicat attraction, and may appear to some Ic be, 

great measure, the produciions of chaijce j whilst 
anized bodies bear the most striking; marks of de< 
i-i and are eminently distinguished by that unknown 
iciple called life, fi'om wliich the various organs de- 

ihe power of exercising their respective functions, 
Proline. But in what manner does life enable these 
WIS 10 perform their severjl funcibns ? 
■*■«. B. That is a mystery which, I fear, is envel- 
d in too profound durkness foruslo hope that we 
I ever be able lo unfold it; We must content our- 
'es with examining the effects of this principli 
.he cause, we have been able only to give it a name, 
lout Attaching any other mcjiiinglo it than the vaguQ 
iiraallsfactoiy Idea of an unknown agent. 
'aroline. And yet I think I can (bim a very cles#' 

I of life. 

kfr*. B. Pray let us hear how you would delii 
laroSne, It is perhups more easy lo conceive than 
xpresfr— letmeeonsJdei'— Isnotlife the power which 
Wes both the animal and vegetable creatiou to per. 
1 the various functions which nature hus assigned to 

Ir». B. I have nothing to object to you definition j 

yovi will allow me to observe, that youhavc only men- 

ed the effects which the unknown cause produces, 

loui giving us any notion of the cause itself. 

'.mily. Yes, Cui-oline, you have told us what life 

, but you have not told \is what it is. 

/r«. B. We may study its operations, but we sliould 

zle ourselves lo no purpose by attempting ID foriA 

lea of its rcaJ nattu'e. ~ 
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We shall begjin with exanuningils effecismtt 
etalilc world, which constitutes the amplea t 
oi'gaiiizcd bodies ; these we shall End disnng 
from the mineral creution, not only by their mm 
plicated nature, but by the power which thejj 
within themselves, of forming new chemiulai 
menls of their constituent parts, by means trt 
pri;ite organs. I'hus, though all vegetables ai 
m.itely composed of hydrogen, carbone, and D 
(with a few other occasional ingredients), theys 
and combine these principles" by their varioas 
in a thousand ways, and form with them, diffewi 
of juices and solid parts, which exist ready n 
vegetables, and may, therefore, be coniudercd 
iin mediate materials. 



These are ; 
So/i 
Mucilage 



\ 



Ftcula, 


Caojtic/ianc, 


Gluten, 


ExiTaciivecQlswvit 


FixtdOih, 


JtUJTUTl^ 


VolaiiU Oil, 


Woody J-lbre, 


CamfthQr, 


VeSe'ablt ^ddi, tf 



I 

I 



Caroline. What a long list of names ! I iM 
pose that a vegetable was composed of half •■ 
ingredients. 

Mm. B. You must not imagine that every 
these luateiials is formed in each individual [ 
only mean to say, that they are all derived est 
from the vegetable kingdom. 

Mniity. But does each particular part of th 
such as the root, the bark, the stem, the se 
leaves, consist of one of these ingredients onl 
several of them combined togeiher i 

Mra. B. I beliei'e there is no part of a pla 
can be said to consist solely of any one parlii 
gredient ; a certain number of vegetable i 
must always be combined for the formation of 
ticular pan, (,oI a fi^^ed, Eot iTOtaTice;1, andd " 
biDiiUoik& arc c,a.rttR4 otv \yj vWi Oi, -s^W^ 
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■■, -wlueh select rrom other parts, and btinj, 
fciev; the Bci'eral principlea required for the develoj 
«^l and growth of those particular parts which th< 

Sntended to Ioitq and to maintaiD. 
^Emily, And are not these combinations alwayi 
t«d by the laws of chemkal attraction ? 
*-Tr». B. No doubt ; the organs of plant!- canntft 
- c piinciples to combine that Ivive no ati 

li other; nor can they compel superior 
■' aeld to thoi,e of bCeiior power ; they probably act 
*.«r mechanically, by bringing into contact such pt' 
bass, and in such proportions, as will by their chei 
^^ombiD.aian, form the various vegetable products. 
H^^roHnc. We may tlien consider each of these « 
Ms as a curiously constructed apparatus, adapted for 

performance of a variety of chemical processes. 
^^rs. B. Exactly so. As long as the plant lives and 
■.ves, the carhone, hydrogen, and oxygen, (the chief 
»»tituems of its immediate meterials), are sobalanc- 
^nd connected logetliEr, that they arciitit ausceptibte 
entering into other combinations ; but no sooner does 
».^h take place, than this state of equilibrium 
C»yed, and new combinations produced. 
■^tmly. But why should death destroy it ; for thi 
Viciples must remain in the same pioportions, s 
"fcaequently, I should suppose, in the same order 
•ructions '. 

^Jifrs. B. You must remember, that in the Tegcla- 
S us well as in the animid kingdom, ii is by the prin- 
kJe of life that the organs are enabled to uct ; when 
E>nved of that agent or stimulus, their power ceases, 
t3 un order of attractions succeeds similar to that 
kich would take piucc in mineral br unorganized mat- 

-Ejnily. h is this new order of attractions, I siip- 
'fee, that destroys the oi'guniz..iioii of the pbnt after 
*ith J for if the same combinatioiis still continued to 
eviJI, the plant would always remiin in tile state ia 
aicb it died. i 

Mrs. B. And that you know is tievev iVit _. 
tints /jjsy be partially preserved lor sotae Utoc 
V 3 
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fcatli, 1>y drying ; but in the natural course of ei 
all return to the state of simple elements . 
admirable dispensation of Providence, by wbkbtf 
plants are rendered fit to enrich the soil, andbj* 
subservient to the nourishment of living vegeiabi* 
Caroline. But we are talking of the dissolu^ 
plants, before wc have exanuned them in ihafHl 

Mrs. B. That is true, my dear. But I wiW' 
give you a general idea of the nature of vi 
lore we entered into particulars. Besidi 
irrelevant as you suppose to talk of vegetablt 
dead state, since we cannot analyse them m 
Btroyinglife ; and it is only by hasteniagn 
Ihem to examination, immediately after theyM 
cd to live, that we can anticipate their natuiua 
sition. There are two kinds of analysi 
ctables are susceptible ; first, thai which ^ 
then) into their immediate materials, such asa! 
mucilage, kc. 3dly, thai which decomposes lit 
to thcic primitive elements, as carbonc, hydiug^M 
oxygen. 

JipiHy. Is there not a third kind of »na]y»><i(|ll 
which consists in separating their various pam,*'] 
stem, thelciives, and the several organs of the flo 

Mra. B. That, my dear, is rathei 
of the botanist : we shall conadcr these differenl I* 
of plants, only as the organs by which the v 
cretions or separations are performed ; bu: 
first examine the nature of these secretions, 

The M/i may be con^dered as the principal n 
of vegetables, since it contains the ingredienU I* 
nourish every part of the plant. The ba^s <i^ 
jtiice, which the roots suck up from the soil b 
this holds in solution the various other ingretlieH>*l 
(juired by the several parts of the plant, wMch ven 
ually secreted from the sap by the different oroOtfl 
propriated to that purpose, as it passes thfou^ iWl 
in circulating ttuough the plant. 

jWuru* DV nrnrilnge, vi a N&gttaJile s 

like ail the oiheva, w ^tvaiai ^toto.'**! -a . . 
excess, iteii.\ides^tcf«v'(t««.i«v'CwtfeTOivS. <; 
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Is that the gum bo frequently used instud; 
glue? 

It is ; almost all fruit-trees yield some sort 

that most commonly .used in the arts is oh- 

a species of acada-lree in Arabia, and is 
9tArubic : it forms the chief nourishment of 
s of those parts, who obtain it in gi-eat quan-. 
^ incisions which they make in the trees. 

I did not know that gum was eatabl^. 

I should not imagine that it would be eith-. 
a particularly elegible diet to those who. 
b from their birth, been accustomed to it. It 
rer^ frequently taken medicinally, and consid- 
Tery nourishing. Several kinds of vegetable 

; obtained, tiy particular processes, from 
tuciiage, the principal of which is culled the 

f is not fopnd in its simple state in plants, but is 
hixed with gum, sap, or other ingredients ; \\ 
nbund in every vegetable, but abounds most in 
^ts> and particularly in the sugar-caife. 

!f all vegetables contain sugar, why is it ex- 
ptclusively from the sugar cane ? 

Because it it both most abun^Iant in tha| 
;t easily obtained from it. 
g the late troubles in the West-Indies, whes 
imperfectly supplied with au^ar, seve-. 
e made to extract it from other vege-. 
bd very good sugar was obtait-ed from parsmipB 
fn carrots ; but the process was too expenu*e 

rs entei pize to any extent. 
1 should think that sugar might be move 
detained irom sweet fruits, such as figs, datesj 

IB. Probably j but it would be still more ex- 

I from the high price of those fruits. 

|i Pray in what manner is sugar obtained from 

\fi. The juice of this plant is first expressed 
Bg- it between two cylinder a oS ttcm. XxV^^Jok* 
pui iipxc water, ■which makes atoOs.^'JSa^tt 



P«» the mthtm The dotted- Hqnor brie 

vnporutcd to It vtT7 small cjuantitjr, aftec4 
i« fullered lo cryatalize by uundiiig 'id a n's&c^^ 
toiik of which is peribraled with lioles, ihul a 
fecily slopped, in or<]ei' that the syrup tnayrif 
The sugar olitdiiicd by this process is act 
poivdw, commonly caJlcd raw or mcastsiiga . . 
goes aitotlicr opei'^tiiin to be refined and content4ll| 
loaf sugui-. For thU purpose it is ilissolvc 
and afterwards puiiriecl by an antniat Ruidi callcdtlj 
men. While of eggs chiefly consist of (his fliiHtiir 
Is also one of the conhdiuctil parts of blood ; tmU 
sequently eggs> or bullock's blood, are coninioalf uj 
lor this purpose. 

The albuniiiiaus fluid being diffused ihry 
syrup< combines with all the solid impui'ilieai| 
Biit< and rises with them lo the surface, wha^ 
a thick Bcuui ; tlie cleur licjiior is then itgain a; 
\o a proper consistence, and poured i 
which, by a confused chrystulliiadon, it foni 
gar. But an uddiliotial process k required' 
it ; to tliis effect the mould Is inverted, a 
base is coi'credwitn clay, through which w 
to pass J the water slowly triclilitig through 1 
flomtdnes with, arid carries off the colouriu^'fl 

Caroline. I aYii very glad to heir that t!ie n 
H used to purify sugar dots not Vem 
bc'adisgustin^ idea. 

Eniily._ And pray how k sugar-candy and \ait\ef 
gar prepared ? ' 

Mrs, B. Caiidicd sugar is nothing moK tlwfl 
regular crystals, obiutned by slow cvapoi'utiwi ™0l 
Solution of sugar. Barley sugar is sugur nicltaH 
heat, and afterwards cooled in moulds of a spililfl! 

Sugar may be decomposed by a red heat ; 
all other vegetable substances, resobcd itito f: 
acid aud hydrogen. The formutiun and the AkC/O 
"tion of sugar afib'd many very interesting parii 
■which we shall fully examine after having gone tli 
Uie other Tnvit.&tUkW o( vc^cUbles.— We shullfi ' 
' fe reaaoTi to Rupi^c \Vi^. w\^a.T \s ^m 



ph. is Ibrmed by a peculiar process with vhicK 
fcnot yet acquainted. 

f. Pray is not honey of the same nature m. 

'. Honey is amixiort; of sugar and gum. 
I thought that honey was in some measure 
bl sutisiaiicc, iis k is prepared by the bees. 

It is rather collected by them from flow- 
3 conveyed to their storehouses, the hives. — It 
wax only that undergoes a real alteration in the 
r the bee, and is thence converted Into an ani<c 
^substance, i 

Efmly. Cannot sugar be obtained from honey, s^ic«b~] 

* BO simple a compound ? 

^^rs. B. No mode has yet been disicoyered to eR 
t this : it is supposed, ho\yever, to have been done 
the ancients, who were unacquainted with the sugar 
let, but the process ^ now luiknown. 
K^anna is a compound of sugar, gum, and a nau- 
nns cxirociive matter, to which lust it owes its pc- 
iar taste and colour. It exudes like gum trom van< 

* trees in hot climates, some of whirh have their 
V«s glazed by it. 

jPbe next of the vegetable materials isjeeula ; this is 
\ general name given to the farinaceous substance 
^t:ained in all seeds, and in some ix>o}s, as the pota^ 
f*amp, &c. It is intended by nature for the 6rst 
-Ht of the young vegetable ; but that of one particuh 
Mil is become a favourite and most common food 
irge part of mankind. 

■fewri/v. You allude, I suppose, to bread, which 
(ide of wheat-flour? 

■rtfr*. B, Yes. The fecula of wheat 
Mber vegetable substance which seems peculiar to 
^"t seed, or at least has not as yet been obtained from 
S^ other. This is gluten^ which is of a sticky, ropy, 
•■Stic nature ; and it is supposed to be owing to the 
=iovis qualities of this substance, that wheat flour 
'»ns a much better paste than any other. 

Gluten, by your deacrip\ioi\) iivu&\ Xwi"*" 
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Ij mcDtloncd. I>o you romemher in 
CDCe between fixed mA volatile oil coo 

£rmfy. If I recollect right, the fcn 
posed by heat, whilst the lutter are r 
by it. 

Mr*. B. Very well. Fixed (dl if 
In the weds of plants, excepting in thi 
It is produced, and expressed from 
have already observed that seeds con' 
these two substances, united with a ))tth 
the wbite substance contained in tb« i 
of plants, and is destined &r the not 
young plant, to which the seed Rives b 
of almonds, which b expressed from 
name, is composed of these three sabs 

£ndty. Pray di what nature is the 1 
IS used in painting? 

Mr: B. It is a fixed oil obt^ned ft 
fiax. Nut (ul, whicli is frequently us 
purpose is expressed from walnuts. 

01i*e cul is thu which is best «da|Ked 
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gary for the best consu-ucicd lamps to be e 
A-Uy trimmed. This defect wises from a. ^ttioL 
Itvicilage wliich it is extremely difiicuJt to sepiirdti 
1% the oil, and which being a bad combustible, g» 
1^ round ilie wick, and thus impedes its combustion,. 
^consequently dims the light. 
f9To&ne. But will not oils burn without a wick ? 
I^s. B. Not unless their temperature be elevated 

000 ; ihe wick answers this purpose, as I think I 
t before explidned to you, i'he oil rises between 
Rbi-cs of the cotton by capillary attraction, and the 

of the burning wick volaiilizes ii, and brings it 
^^ssively to the temperature at which it is combua- 

'^lili/. 1 suppose the explanation which you have- 
1^ with regard lo Ihe necessity of trimming l^mp^ 

1 i.es also locandles which soofien require "" 

■Tj's. Ji, I believe it does ; at least in some degree 
Ijeside the circumstance just expluined, the c 
» sort of oils are not very combuslible, so that th^ 

produced by » candle, which is a coarse kind d 
»^l oil, being insufficient to volatilize theme 
- ly, a quantity of soot is gradually deposited on 
^ -, which dims the light and retards the combustio|K 
'£ roline. Wax candles then contain no incombosli- 
1 matter, since they do not require anuffing ? 
^r*. S, Wax is « much better combustible thai 
>.v, but still in)t perfectly so. ance it likewise o 
i some particles that are unfit for burning ; bulj 
t."! these gather round the wick (which in a wax 
t is comparatively small) they weigh it down on 
^ide, and fall off together with the humt part of 
*»ick. 

i^rQlhtr. As oils are such good combusliblesi T woii".'_ 
that they should require so great an elevation oflM 
Cserature before they begin to burn. ^ 

^r», B. Though fixed oils will not enter into actuaj ' 

biisiion below the lemperature of about iOOo, yet 
'" \vill slowly absoib oxygen at tlie common tcmpc- 

«eof the atmosphere. Hence arises a variety oC 
t^igcs ill oiJs which modify iheiv proipctV\e^ M\i vstV ] 




lb Uin case \bt altvrabobqf V»)>)AH 
tlie addition of a certain quantity <h1 
diminution of the hydrogen. The 
guished hy the name of drying nlA 
(uid nut-«ils are of this descripitoD, 1 

Entily. I am well acquainted wii 
continually use them in painting. H 
■tanJ why the acquisition of oxygeoj 
^MS of hydi-ogen on the other, shoiJ 
ing' , 

Mn. B. This I conccivci may a( 
sons ', either from the oxygen whicq 
favourable to the state of fluidity tl! 
which is subtracted; or from this ad 
oxygen giving rise to new combinatid 
of which the most fluid parts of the oi 
volatilized. 1 

F'or the purpose of painting, (he <i 
19 tarther increased by adding a quad 
10 it, by which means it is more rapH 

The rancidity of oils is likewise a 
genaiion. Inthiscase a new order 
place, from which a peculiar odd is \ 




I, from the 
lliydro-carbonale . 
■ txivr pass lo the volalile or esse'ifial oils. ThCBi 
'p basis of all the vegetable pcifumes, and atf 
' more or less, in every part of the plant ex- 
t seed ; tliej are, at least, never found in 
It of tfie seed wbich contains the emhrio plant. 
The smell of flowers then, proceeds iVota 

Certainly ; hnt this oil is often most 
llhe rind of fiuils, as in oranges, lenioiis, 
liici) it may be extracted by the slightest prei 
's found also in the leaves of plants, and ev 
(ood. 

Is it not very plentiful in the leaves 
fed of thyme, and all the sweet-smelling hcrbs.1 
arkably so ; and in geranii 
, which lia\e a much more powerful odoi 
B flowers. 

{perfume of sandal fans is an instance of its cx- 
n wood. In short, all vegetable odours, or pei'- 
P are produced hy ilie eviipoiation of particles of 
■t. volatile oils. 
timily. They are, I suppose, ^ei%- light, and of veryi 
n consistence, since they Mre so volatile \ U 

'^frs. B. They vary very much in this respect, some 
liLm being as thick as bmier, whilst others arc as 
;is water. In order to be prepared for perfumes, 
-SL'nccs, these oils are first propeily purified, and 
n cither distilled tvidi alcohol, us is the case with lav- 
ler water, or simply nitsed with a large proportion 
water, as is often done »ith regard to peppermini. 
itjiienily also, these odoiifcrous walers are prepared 
rely by soaking the plants in water, and riisiilling, 
e water then conies over impregnated ivilh the vola- 
oil. 

Caroline. Such waters arc frequently used to lake 
its of grease out of cloih, or silk ; how do they pro-, 
:c that effect ' ' 

1(£ra. n. By combining with the substance thnt 
^ese slaiiis ; for volatile oils t\\aao\\'ft >«m^V^v 
W 
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tpcrmaceti, and resins ; ir Uierefbrc ihe sf 
fram any of these snbstaDces it will remoic iu 

InsecU of all kinds have a great BTenum n1 
fumes ; so ihat volatile tnls are employed wilb m 
in museums for the preservaiion of staifGd tnt4i 
other species of animals. 

Caroline. Pray does not the powerful sraeDot 
phor proceed from a volatile oil ^ 

Mr». B. Camphor seems lo be a substanu 
own kind) remarkable by many peculiariuea. 1 
not exactly of the same nature as volatile «!, ' 
least very analogous to it. It b obtaiued cWefl] 
the camphor tree, a species of laui-el which £I 
China, and tlie ludian isles, fiom the stem andi 
which it is extracted. Small quantities have ab 
distilled from thyme, sage, and other aromatic [ 
and it is deposited in pieity large qtiontilies bj 
volatile oils after long standing. It is extremd 
tile and inflammable. It is insoluble in wnter, 
soluble in oils, >n which state, as well as in il 
Ibrm, it is fi-equently applied to medicinal pu 
Amongst the partictilar properlies of catnpbor 
is one too singular to he passed over in silence, 
take a small piece of camphor, and place il on t 
face of a bason of pure water, it will imnicdu)le|| 
to move round and round with great rapidity ; bu 
pour into the bason a single drop of any odoril^ 
id, it will instantly put a slop to this motiui. ] 
at any time try this very ample experiment i 1 
must not eiy^ect that I shall be able to account 
phenomenon, as nothing salis&iclory has yet b 
vanced for its explanation. 

Caroline. It is very singular indeed ; and I 'v 
tainly try the experiment. Pray what are reshu 
you just now mentioned ? 

Mra. B. They are volatile oils, that have Ik 
ed on, and peculiarly modified, by osj'gen. 

Caroline. They are, tlierefore, oxygemUcd 
oils. 

Jilrs. B. Not exucily i for the process <l0(3 
peiir to coriMSV so vnudcv \n "Cvvt. d-*.n%w 
s ill the combusuoii o^ »■ xjo'caott o^ "v 
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;trtl portion of its carbone. For when resins ar« 
-cially maile by the combination of volatile oils with 
^en, the vessel in which the process is performcdi 
^'Ir:\ved with water, and the air included wiihia (^"j 
■ I with carbonic acid, 
■:.'i/. I'his process must be, in some respects sim* 
> ' that for preparing drying oils. 
Irs.B. Yes; and it is by this operation that both 
iciQ acquire a greater degree of consistence. Pitch, 
and turpentine, arc the most common resins ; they 
']■■ Irom the pine and fir trees. Copal, mastic, and 
.^license, are also of this class of vegetable sub« 

"//(/. Is it of these resins that the mastic and c<y 
i.iniishes, so much used in pooling, are made 
-fre. B. Yea. Dissolved either in oil or in alcohol, 
H's form varnishes. From these solutions ihey may 
precijututed by water, in which tliey are insoluble, 
3 I can easily shew you. If you will pour soma 
cr into this glass of mastic varnish, it \*ill comlnrMT 
1 the alcohol in which the res'm ia dissolved, 

latter will be prccipiiiited in the fi>m> of a whit«, 
id— 

Hmily. It is so. And yet how is it that pictures 
-.rings, varnished nitii this solution, may safely bA' 

Viizdivith water. ' 

;■". B- As the varnish dries, ilie alcohol eviipo-^ 
. ^nd the dry variuah or resin which remains, 
ii^ soluble in water, will not be acted on by it, 
There is a class of compound resins called^)? 
9, which arc precisely what their name denotes, thi ,. 
« say, resins combined with mucilage. Myrrh and: 
fafceiida are of this description. "* 

Ziaruline. Is it posublo that a substance of so 
scuble a smell as aisaf(£tida can be formed from 
atile <al ? 

ASra. B, The odour of volatile oils is by no means 
irays grateful. Onions and garlic derive their smell 
^m volatile oils, as well as roses and lavender. 

s still another pjrm under wVncVv No\(iK&fe 
t themselves, wliich is that ot ftaUcims^— T 
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consist of resinous juices combined itith a pecula 
called the benzoic acid. Balsams appear to hav 
originally volatile oils, the oxygenation of wlui 
converted one part into a resun and the other p 
an acid, which, combined together, form a b 
such arc the balsams of Peru, Tolu, &c. 

We shall now take leave of the oils and their 
modifications, and proceed to the next vegetab 
$tance, which is caoutchouc. This is a iiv'luto 
glutinous fluid, which acquires consistence, anc 
ens in drying, in which state it forms the si 
with which you are so well acquainted, under t^ 
of gum-elastic. 

QaroUne, I am surprised to hear that gut 
was ever white, or ever fluid ! And from what 
ble is it procured ? 

Mrs, D. It is obtained from two or three 
species of trees in the East Indies, and South 
ca, by making incisions in the stem. The jm( 
lectcd as it trickles from these incisions, and u 
clay, in the form of little bottles of gura-cla 
dipped into it. A layer of this juice adhen 
clay and dries on it ; and several layers are sui 
ly added by repeating this till the bottle is of i 
thickness. It is then beaten to break down 1 
which is easily shaken out.— The natives of tl 
tries where this substance is produced, so 
make shoes and boots of it by a similar pr» 
they are said to be extremely pleasant and sei 
both from their elasticity, and from their bcin 
proof. 

The substance which comes next in our cm 
of the immediate ingredients of vegetables, 
tive matter. This is a term, which, in a gene 
may be applied to any substance extracted fr' 
tables ; but it is more particularly understooc 
to the extractive colouring matter of plants, 
variety of colours are prepared from the ^ 
kingdom, both for the purposes of painting ai 
ing ; all the colours called lakes are of this 
lion : but tVve^ ^\e \^^'^ ^v^-si^:?^^ ^^asx Tfiv^<ixa 
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atmosphera, iheye! 



tf long exposure ti 

;n or turn yellow. 

nily. I know that in palnling the lakes are reck- 
Far less durable colours than the ochres ; but what 

; reason of it ? 

rs, B. The change which takes place in vegeta- 

:K>lour9 is owing chiefly to the oxygen of the at» 

there slowly burning their hydrogen, and leaving 

me measure the bluckness of the carbone cspos- 
Such a change cannot take place in ochre which 

Dgether a mineral substance. 

ige.table colours have a stronger afHoity for animal 
for vegetable substances, and tliis is supposed to 

wing lo a small quantity of nitrogen which they 

in. Thus, silk and worsted will take a much Bner 

table dye than linen and cotton- 

vrotine. Dyeing, tben, is quite a clicmica! pro- 

ra. B. Undoubtedly. The condition required to 
a good dye is, that the colouring matter should 
rvcipitaied, or fixed, on the substance to be dyed, 
ihouid form a compound not soluble in the liquids 
hich it will probably be exposed. Thus, for in- 
:e, printed -or dyed linens or cottons must be able 
sist tli£ action of soap and water, to which they [nust 
ssarily be subject in washing ; and vsoolens and 

should withstand the action of grease and adds, t» 
rh they may accidentally be exposed. 
anline. But if linen and cotton have notaairfKcicnt 
iry Sot cc*)uring matter, how arc Ihey made to re* 
he action of washing, which they always do when 

are well printed ? 

Trs. B. When the substance to be dyed has dther 
i&nity lor the colouring matter, or i»t sufficient 
i-v to retain it, the combinutiDn is efiected, or 
igthencd, by the iiitertention of a third substance^ 
rd a mordant, or basis. The mordant must have II 
Ig affeiiliy bottf for the coUwu-ing matter am 
lance to be dyed, 'by which means it causes 
tmbine and adhere together. 

And wJiat are the subitwce& V\\!A -gj 
IV 3 
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which k used in hot-jiouses ? 

Afr9. B, Tan is the prepared bark 
f [^A * culiar substance^ tannin^ is contained. 

.)/:-. "I f ' tan in hot-houses is of much less impoi 

' *ii,0 .. ■ operation of tc^jmin^y by which skm 

■ ■■''■*:• leather. 

■ . ^- "I j '■ • ' .. JEmily, Pray, how is this operation 

. f ; Mrs, B, Various methods are en 

[ ; puipose, which all consist in exposing i 

of the tannin, or of substances conta 
I, pic, in sufficient quantities and dispose( 

1 skin. The most usual way is to inAi 

d6r^ oak bark in water, and to keep 
scd in tliis infusion for a certain lengtl 
ing; this process, which is slow and gn 
foimd to have increased in weight, and 
a considerable teiuicity and hnperme 
This effect may be much accelerated 
saturations of the tunning principle (vi 
tracted from bark), instead of emploi 
self, But this quick mode of prei>arai 
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tetted isinglass into a glass of wine, which 
laina tannin ? 

Yes. I have prepared a soluiion of isi'i 
rthat very piirpiosc. — Do ytni obser-ve thcihic 
precipitate ?T^That is the tannin combinetl nb 



Ii is composed of the same ingTcdientB ; bq» J 
iiuiizalion anil the Icsture of the skin being wiiit*l 
CliaB neither the conastence nor the tcnacitj' •rt 

One might auppose (hat men who driok 
Lities of red wine, siaiid a cliancc of liavhtg 
[a of ihetr stomachs converted into leather, since 
o strong an aifiuiiy for akin. 
Fra. B. It is not impossible but that the coals of 
' stomachs may be, in some measurci tanned, or 
cned by the constant \ise of this liquoi'j bgt joft^ 
t remetuher that where a number of othtr chciauS 
agents are concerned, and, above all, where Ufifl 
ts, no certain chemical Infereace can be (hiiwn. "■ 
must not dismiss ttiis subject, uiilioui ntentioitin^l 
ly recent discovery of Mr. Haicheit wlucb rclaMJH 
. This gentleman found tluit a substance very >iilU| 
io tunnin, posi>essint; all its leading propcrticK, annl 
lally eapuble oTtannlng leulhcr, may be piodiicodjl 
c:iposing carbonc, or any wbiiuncc containing cH^d 
iceous mailer, wheilicr vegctalilc, animal, or mioM 
, lo the uction of nitric acid. I 

ktroline. And is not this discoveiy very Ukcljr to Isfl 
^*eai use to manufactures ? fl 

Sirs. B. Tliat is very doubtful ; bcciinsc tanning 
LATiiQcially prepared, must probably nlwnys li« moi'M 
K^e diantliat which is obtained from burk. HtlM 
^H j^ extremely curious, as it aRbrds one of llia)|M 
H^ instances c^ chcmisiry bring ublc to uiiiuiH 
^nsimate principles of organized btKlitm. 1 

The last of tlic vegetable matciiaU is nmodyJOrrt^ 
, Uie hardest pari of plants. The chief KOiilcc froiH 
^ tbis substance is derive^ is 'wood, but it U "hgJ 
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Ti-.n-ni* u -mm or jees. it rresr a£dpBitQftk|liC 
1 i*i~r..*- L t:jui a: ssf.iMas of ibc put to vUch IW 
.jTir--- aitc rsuiiiifr ist sistLpr fiiteraU the other alA 
i^- ui'.vi d^aUHiiesrt*:^ 2t ^ ^"Hi1^^^- cfaiefif cf cflhA 
ir.^'j.f.L VI J L fin*.tal tc^Qoriao of shs iod tk flii 
^fn:5iriii::i*- riiniTuu: i: iLl vegetibieSi 

J.7M^.i. 1' 12 :£ V'Xj^f £:jk. then, that the oom 

A i^r.ii-: i-Di: van:.- in- ir.f: sepfcraaonrfallitscf^ 

3ifii:)i v; Tiii ifx»e :if '^-e regethUe matenH') 
¥-11 :k :r:i:iiz*. u' i&ks:. id e-Dcmenae the senoi* 
^r£-;^iii i'.u::? V lai.r. -vt ciiber bav« bad» or nuyM 
:»r:u:si:i: if nit^niix.. I be^rre I haTe fiormeiifri 
r:ti :i«*c iittii: :a:s!s. « nidic^ was uDilianDW oof 
K-.L :£ : ^-u":ir£Li. lzil sjurxot-, smd th^t their difisRi 
cici^sTi'.L JT. T i: rje Tta^,:;* proponkns of (Off 



. re .^i-: .-'>• -i.- :. : icirjt:: irom gum, or 

--■;'•-..-. - - frrnicork; 

C^ " • • - .'. - - . fr- in champbor j 

Zi-'T I -. . . - - - - f ."vjni balsains j 

-- --:.'- ... - fiTcm galls* bark, te 

."^-■■'. - - - . f!T?m lipe fruits; 

v!"^:- - - - - from lemon jmce ; 

-' : -1- .-.---- f:x>ni sorrel ; 

i>i.-.T"i:. - - - - f:cni amber; 

r.' -"■- -'. - - . from tirtrit of potaA 

.f.-r:::. - - - - from \inegar. 

Tl"f^ i^rr ilL ^::nrposabIe by hear, soluble in 
Zzz. -T.' . :-:~ ~fct:-:.ie b:ue colours red, The«M«i 
r:.£ Ti^.'- -:-.'. ^:.~ :he ^.v :•:■:..• tr/V/s, are the product 
1/ e Lc : or. ■>:*". 'j'-c c^' ^erfct-bies; we shall, thercl 
i':-«r . ; lY.iii: ex-:i;L:. -: :. :"cr .. futui'e period. 

Th«5 czz.:c or: J, ci* :..ei :':xm sen el, is the big 
t':: r ji of ■. f; .,-etibIe £c i'ilr.r -*io: i : for, if more oxyge 
ij';''c<. v^ h, i: k->cs i:- ve:c:..L! . :. iiure, and is r 
'.'■': h.Uj ca.rVji-ic ixir. l:... v .:, . : il.erefore, the 
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WdSiion of oxygen, the oxalic itself is not ausceptt T 

of a fartlier clegree of osygenaiion ; nor can it be 1 

Is, by anv cliemical process, lo return to a etatc of i 

Sr Bcidification. 

~o conclude this subject, I have only to add a few J 

ds on llie gallic add .... 

'-arolitie. Is not this the same acid before r 

which forms ink, by prectpiaiing sulphot of iron 
11 its solution ! 

In. B. Ves, Though It is usually extracted from 
--■: on account of its being most abundant in iha^t ve- 

iiilo Bubslance, it may iilsubc obtuined from a great 
;v of plants. It conslitutea what is called the o»- 
'.■( ftrincifiie of vegetables ; it is generally combl- 

!■. iih tannioi anil you will find tlwt an infusion of 

I ofTee, bark, I'cd wine, or any vegetable substance 
rintains the astringent principle, "will make ablack 

i[>itate with a solution of sulphat of iron, 
'nraiine. But pray what are galls ? 
<tr^. B. They are excrescences which grow on the 
k of young oaks, and are occasioned by an tnaect 
'h wounds the bark of trees, and lays its egg in the 
t\u-e. The lacerated \esseis of the tree tlien dia- 
•ge their conioiits, and form an excrescence whicU 
xls a defensive covering for these eggs. The insect, 
n come to life* first feeds on this excrescence, 

sonie time afterwards eats its way out, as it »p- 
-« from a hole found in aU gall-nuts thai no longer 
:ain an insect. It is in hot climates only that strong. 
Sii-ingcm gall-nuts are found ; those which aie used 
4ie purpose of making ink are brought from Alep. 

Zmily. But are not the oak-apples which grow on 
leaves of the oak in this country, of a similar niw I 

\lr». B. Yes ! only they are an infei ior species o 
Is, containing less of the asti^ngent principle, and 
rcforeless applicable to useful purposes. 
:i(ro&«. Are the vegetable acids never found b 

nir pure uncombined state ? 

" n^'no means ; oi\ Ihe twW'w.ii, -OcK^ ^ 
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frequently met with in the state 9f comyounA 
these, however, are in general ikit fully tatunte 
the salifiable bases, so that the acid pretonnnte 
in tbb scale they are called addufyus nits. Of tfa 
is the salt called cream of tartar. ' 

Caro&ne. Is not the salt of lemon eommaid 
to take out ink spots and stains, of this nature? 
Mn, B. No ; that salt c onsferts merely of th 
acid reduced to the state of crystals. 

Caro&ne. And pray how does it take out ink 

Jl/rt. B. By decomposing the Uack precifab 
rendering it soluble in water. But the display 
tractions by which this is performed is, I belie 
exactly ascertained. 

Besides the vegetable mateiials which we ks 
Bierated, a variety of other substances, comma 
three kingdoms, are found in vegetables, such 
ash, which was formerly supposed to bekng ei 
ly to plants, and was in consequence called the 
ble alkali. 

Sulphur, phosphorus, earths, and a variety 
tallic oxyds, are also found in vegetables, bat 
small quantities. And we meet sometimes w 
tral salts formed by the combination of these 
entfti 



ContieriBfation xvin. 



On 0ie decomposition of VegetabU9» 



CaroUnc, 

THE accowiA. \?\\v:\v -^ow'VvaN^ ^s^Tv>Qa.^ M 
the xnatenaAa o( ^e^exa^c^e^^ S& (iQivi^>\^^j^ ^^x 
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i but ic docs not completely satisfy my curiosity. — 
sh to know bow plants obtain the principles fhnn • 
;b their various materiala ave formed ; by what 
ins these arc converted into -vegetable matter, an<J 
they are connected with the life of the plant ? 
fm. B. This implies nothing less than a complete 
irv of the chemistry anJ physiology of vegetation, 
IS on which. ivc have yet but very imperfect no- 
Still I hope that 1 shall be able, in some mea- 
1.1 satisfy your curiosity. But ih order to render 
'- <j<:ct more intelligible, I must first make youac- 
cil with the various changes which vegetables 
. (.1, when the vital power no longer enables them 
.^I the common laws of chemical attraction. 

f;ompDaition of vegetables being more compU- 
:li^n that of minerals, Uie former more readily 
rj chemical changes than the latter i for tKe 
I die rariety of attractions, the more easily is the 
luim destroyed, and a new order of combinatioDs 
■.-:cd. 

. /. 1 am surprised that vegetables should be Sq 
Miceplible of decomposidon ; for thepreserva- 
'lie vegetable tingdom is certainly far more im- 
■ itian that of minerals. 

i- Ji. Yqu must consider, on the other hand, 
inuch more easily the former ia renewed than the 
The decomposition of the vegetable takes place, 
after the death of the plant, which, in the com- 
course of nature, happens when it has yielded fruit 
.peds to propagate its species. If instead of thus 
ling its career, each plant was to retain its foiTn 
\ eyetable stale, it would become an uesless bur- 
lo the eaiih and its inhabitants. — When vegeta- 
ilieiefore, cease to be productive, they cease to 
and Nature th<^ begins her process of decompo- 
, ill order to dissolve tliem into their chemical 
iioents, hydrogen, carbone, and osygen; those ' 
le and primitive ingredients which she keeps ii 
lijr all her combinations. 

ai/y. But sLice no system of combination cai\ Vn 
' ', except by the establishmeni o? M^Cl^^^s;t » 
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(Icr of attnctkins, how cun the dKOEapontini 
tibles reduce them to their »niple elements! 

Mr*. B. It b a Tcry lung piticcss, dutii 
a vnrietf of new oombinaiions are cucccsu 
blished ftml succes^velv destroyed i but| ii 
thcee changes, the higredicnts of regct-ib 
lend to unite in a more simple order of comp 
they are at length brought to their cicmcr 
or at least, to their roost simple order of con 
Thus you will lind that vegetables are in 
most entirely reduced to water aiid carbonic 
bydrogen and carbone dividing the oxygc 
them, soastoTorm with it these nvosutetai 
the vuriety of intermedidte combinalious that 
during the sevcrel stages of the decomposi 
geCiibles. present us with a new sec of compi 
worthy of otir esaiiiiittiion. 

CarttUnt. How is it possibte that vegetal 
putrefying, siiould produce any thing worth 

Mra. B. They are susceptible of unde 
tain changes belbre they arrive at the state i 
don, which is tlie final term of decomposiu 
these changes we asaif ourselves for particu 
portant purposes. But, in older to make 
stand this subjeci, which is of conauleraUe i 
I must explain it more in det^. 

The decompowtion of vegelabJcs is alwa 
by & violent internal motion, produced fay t 
of one order of particles, and the combiiia 
thcr. This is called fermentation. — nierc 
pciiods at which fermentation stops, so ttu 
rest appears to be restored, and the new or 
pounds fairly estublisbcd. But, unless me 
to secure iliesc new combinations in thairi 
their duriition will be but tnmsient, and an 
lation will take piece, by which the con 
fornicd will be destroyed ; and Bnother, an 
plex ofder will succeed, 

Emily. The fcrmenUlion, thi-n, apnc 
the ancccssive w.t>ja\^ Vwtift*.- ■ 
its final <^sao\\iVi(m. 
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■W, B. -Precisely so. Your definition is perfectlj 

^tnrotine. And hmv many fcr mentations, or nev 
-.- *-ments, does a vegetable undergo before it is 
I 10 its Eimple ingredienls ? 
,, B. ChemistB do not exactly agree in this point] 
-here are. I think, four distinct fcrnm 
lis, at which the decomposition of vegetable mat. 
ips and changes its coiii-se. But every kind of 
■ '..ble matter is not e'jually susceptible of undergo- 
II these fer mentations. 

.(.■re are likewise several circumstances retitiired- 
nluce fermentation. Water, and a certain de-4 
I if heat are both essential to this process, in order' 
I. irate the particles, ami thus weaken their force 
lifsion, that the new chemical afiinities may be 

.•■■Jine. In fi-ozen climates, then, how can thespon- 
■iis decomposition of vegetables take place I 
:'i.B. It certainly cannot ; and, accoitlingly, wA 
-'.jrcely any vestiges of vegetation where a constant 
;::L-vai!s. 

■'■Ihie. One would imagine that, on the contrary, 
-jiois would be covered with vegetables ; for, since 
1. jiiiiot be decomposed, theii' numbers nuist always 

Ira. B. But, my dear, heat and water are quite as 
tiinial to the formation of vegetables as they iin 

1- decomposidon. Besides, it is from the dead 
fcbles reduced to their elementary principles, that 

rising generation is supplied with sustenance. No 
txg plant, therefore, can grow, unless its predeces- 
i contribute both to its formation and support ; and 
ic not only furnish ihc seed from which the new 
it spritig?, but likewise tlie food by which it is nour- 
-d- 

'(/'■oHie. Under the torrid zone, therefore, where 
ti- is never fi'ozen, and the heat is very great, both 

jirocesses of vegetation and fermentation must, I 

xise, be ext remely rapid ? 

' X 



1 



t 
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jiff f . B. Not 80 much as you imagine ; far: 
climates great part of the water which is reqa 
these processes is in an aeriform state) wHich.B 
ly more conducive either to the growth or fix 
of vegetables than that of ice. In those kdtudn, 
ibre^ it is only in low damp situations, sheb 
woods from the sun's rays, that the smaller i 
vegetables can grow and thrive during the drj 
as dead vegetables seldom retain water enougl 
duce fermentation, but are, on the contrary, so 
up by the heat of the sun, which enables them 
that process ; so that it is not till the fall of tht 
nal rains (which are very violent in such^climat 
spontaneous fermentadon can take place. 

The several fermentations derive their nan 
their principal products. The first is called tb 
rinefirmentation^ because its product is wgar, 

QartiUne. But sugar, you have told us, is 
all vegetables ; it cannot, therefore, be the p 
their decomposition. 

Mrs. B. It is true that this fermentation is 
fined to the decomposition of vegetables, as i 
ually takes place during their life ; and indeec 
cumstance has, till lately prevented it from b 
sidered*as one of the fermentations. But tht 
appears so analogous to the other fermentat 
the formation of sugar, whether in living or de 
able matter, is so evidently a new compound, 
ing from the destruction of j the previous order 
binations, and essential to the subsequent ferin 
that it is now esteemed the first step, or neces 
liminary, to decomposition, if not an actual co: 
ment of that process. 

Caroline, I recollect your hinting to us tl 
was supposed not to be secreted from the sa 
same manner as mucilage, fecula, oil, and t 
ingredients of vegetables. 

Mrs, B. It is rather from these materials, t 
the sap itself, that sugar is formed ; and it fs d 
at paruc\Av\Y ■^^viod^^ ^"^ ^ou may observe ; 
which bccQvti^ ^N\ecX*\cv\\\k^\v\w^^ ^*i\SNR.^Qss&v 
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f have been gathered. Life, therefore, is not e5« 
tial to. the formation of sugar, whilst, oo the coc- 
y, mucilage, fecula, and the other Tegetab!e mate* 
B that are secreted from the sap by appropriate or- 
1% whose powers immediately depend on the ntal 
iiciple, cannot be produced but during the existence 
bat principle. 

^miiy. The ripening of fruits is, then, their first 
» to destruction, as well as their last towards perfecf 
I? 

bS**. B. Exactly. — The saccharine fermentation 
|uently takes place also during the cooking of veget- 
is. This is the case with parsnii>s, carrots, pota- 
I, Sec. in which, sweetness is developed by heat and 
fiture ; and we know that if we carried the process 
tie farther, a more complete decomposition would 
ae. The same process takes place also in seeds 
vious to their sprouting. 

"hroiine. How do you reconcile this to your theory, 
s. B. ? Can you suppose that a decomposition is the 
essary precursor of life ? 

Mrs. B. That is indeed the case. The materials 
the seed must be decomposed, and the seed dist 
;anized, before a plant can sprout from it. — Seeds, 
ides the embryo plant, contain (as we have already 
erved), fecula, oil, and a little mucilage. These 
^stances are destined for the nourishment of the fu- 
e plant ; but they must undergo some change be- 
B they can be fit for this function. The seeds, when 
ied in the eartjij with a certain degree of moisture 
I of temperature, absorb water, which dilates them, 
Urates their particles, and introduces a new order of 
actions, of which sugar is the product. The.sub- 
»ce of the seed is thus softened, sweetened, and 
t^erted into a sort of white milky pulp, fit for the 
c*ishment of the embryo plant. 

^he saccharine fermentation of seeds is artificially 
iuced, for the purpose of making malt^ by the foU 
tig process : A quantity of barley is first soaked in 
ir for two or three days ; the water being after^ 
^ drained off, the grain heats spontaxveousl^'i^Hi^Vi.^^ 
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Lbur&ts, sweetens, shews a rlispo^iion to %eta& 
vouUI actually sprout, if the process ^ 
hv pulling it into a kiln, where it is well driedilii^l 
tie heat. In this state it is crisp and friable, aidMWl 
s Uic auhstance called mitir, which is ibe pnte|4| 
iHRredientof beef. 

Emily. But 1 hope you will tell us how makisii* 
into bcev ? 

Mm. B. Cettainly ; but I must Grelesphmto^ 
1 the second fermentation, which i> 
a that opemtion. This is called the t 
Vion, because its product is wine. 

Emily. How very diflerent the decomp»ilii 
gettthles is Irom what I had imagined, 
ducts of their disorganization appear almost! 
lo those which they yield during their state oP 
pcifeclion. 

alra. B. And do you not at the same nnv 
the beautiful economy ot Nature, which, wha 
creates, or whether slie destroys, directs all b< 
e useful and benevolent purp"" 
pears that the saccharine fermentation i 
a prerious step, to the vinous fermentation^] 
if sugar be not developed during the life of S' 
the sachai'ine fermentation must be artiRcitr 
ccd before the vinous fermentation can take pi 
Is the case with barley, which does n 
gar until it is made into malt ; and it is infj 
' only that it is susceptible of undergoing the i! 
mentation by which it is converted Into beer. 

Caroline. But if tlie product of the vinous-S 
tation is always wine, beer cannot have undergone^ 
process ; for beer is certidnly not wine 

Mr«. B. Chemically speaking, beer may be *.- 
sidered as the wine of grain. For it is ihe proilufl'l 
the fermentation of mall, just as wine is tliat ot thtf*p 
mentation of grapes, or other fi-uits, 

The consequence of the vinous fermentation is 
decomposition of the sacchai'ine matter, and ihel* 
ationof a spirituous liquor from the constituents rffl 
Bug'ar. Bvvt, \n oviin: to ^vomote ihis ferm 
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only water and a certain degree of heat are nece8sa<« 
but also some other vegetable ingredients, besides 
sugar) as fecula, mucilage, acids, salts, extractive 
Iter, &c. all of which seem to contribute to this 
cess. 

Imily, It is, perhaps, for this reason, that wine is 
obtained from the fermentation of pure sugar ; but 
: fruits are chosen for that purpose, as they contain 
only sugar, but likewise the other vegetable ingre- 
Its which are requisite to promote the vinous fer- 
[itatioq, 

\Ir8, B. Certainly. And you must observe also, 
; the relative quantity of sugar is not the only cir- 
istance to be considered in the choice of vegetable 
es for the formation of wine ; otherwise the sugar- 
e would be best adapted for that puipose. It is 
ler the manner and proportion in which the sugar is 
ced with other vegetable ingredients that influences 
production and qualities of wine. And it is found 
: the juice of the grape not only yields the most 
siderable proportion of wine, but that it likewise 
rds it of the most grateful flavour. 

ZnUly, I have' seen a vintage in Switzerland, and I 
rK)t recollect that heat was applied, or water added, 
>roduce the fermentation of the grapes. 

Wr«. B. The common temperature of the atmos- 
!Te, in the cellars in wliich the juice of the grape 
fermented, is sufficiently warm .for this purpose ; 
, as the juice contains an ample supply of water, 
'e is no occasion for any addition of it. — But when 
Dentation is produced in dry malt> a quantity of wa- 
tnust necessarily be added. 

'mily. But what are precisely the changes that 
pen during the vinous fermentation ? 

fra, B. The sugar is decomposed, and its constitu- 
are rccombined into two new substances j the one 
Bculiar liquid substance, called alcohol or afdrit of 
.', which remains in the fluid ; the other, carbonic 
gas, which escapes during- the fermentation. Winoj 
•efore, in a general point of view, may be considers 
,s a licjuid of which alcohol con^uluXc^ V\v^ ^"s&R^TCoi 
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part. And the varieties of sti-cngth anil ftaToSl 
differeut kinds of wiiie ate w be attributed U» tht 
ferent quulitics of tbe fitiits from which the? tnd 
cd, independently of the au^jr, without vrhicb m 
can be produced. 

Caroline. I am astonished to hear that so po* 
a li<|iiid as spii its of wine should be obtained fn 
mild a substance as sugar 1 

Mrs. B. Can you tell me in what the principt 
ference consists belween alcohol and sugar ! 

Caroline. lje.X me reflect .... Sugar com 
carbone, hydrogen, and oxygen. If carbonic k 
Biibtracled from it, during tbe formation of A 
tlic latter will contain less carbone and oxygen III 
gar docs ; therefore hydrogen must be the pi 
ing principle of alcohol. 

Mr*. B. It is exactly so. And this vei^ \fJ% 
portion of hydrogen accounts for the lighmeBsara 
bustibic property of alcohol, and of spirits in ge 
all of which consist of alcohol variously modified. 

Emily. And can sugar be recomposed from ihi 
binaiion of alcohol and carbonic acid? 

JIfrs. B, Chemists have never heoi able Wsv 
In effecting this ; but from analogy, I should si 
such a re com position possible. Let us no* o 
more particularly the phenomena that take pine 
ing the vinous fermentation. At the commcni 
of this process, heat is evolved, and the Uquo^ 
considerably from the formaUon of the carboni 
which is disengaged in such prodigious ciuandli 
be often prejudicial to the vintaijers. IF the fei' 
tion be stop]>ed by putting the liqtior into batn 
fore the whole ofthe carbpnic acid is evolved, tl 
is brisk, like Champagne, from the carbonic ai 
prisoned in it, and it tastes s-weet like citter, h 
Bugar not being completely decomposed. 

Mmily. But I do not understand why heat sh 
evolved dtmng this operation. For, as there ii 
siderable formation of gas, in which a propoP 
(pianiity of VieaS vcrost become insensible) ^ 
have imagineA x\\s.\. M)\S., 7Wi\«^ "^ ^ " " 
been produced. 




^ 
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k**. B, It appears so on ijrst consideration; hiit 

niiiat recollect that fermentiHion is a complicatetj 

- -mical pi'ocess ; ami that, during the decompositions 

recompositions aliendliig iti a quantity of cliemical 

t maj' be disengaged, aiifficient both to develope 

gas, and to effect an increase of tempci'atiiie, — • 

Acn the fermentatioti is completed, ttie liquid coolq 

subsides, the eifcrvescence ceases, and tlie thick, 

! «t, sticky juice of the fruit is converted into a clcap 

asparent spirituous liquor cii I led wine. 

5£n«A/. How much I regret noi having been ac? 

.Inted with the nature of the vmous fermentation, 

:;ii I bad an opportunity of seeing the process ! 

T- /rx. B. You have an easy method of satisfying 

1 iself in that respect fay observing the process of 

■\ving, which, in every essential circumstance, is , 

I ilai- to that of making wine, luid is really a very cu« 

-Is chemical operation. 

Although I cannot perform the experiment of makr 
! vrine, it will be easy to shew )ou ihe mode of anai 
i)Og it. This is dpne by disiillatior. When wine of 
'' kind is submitted to this operation, it is found to 
k'tain brandy, water, tartar, extractive colouring mat- 
> and some vegetable acids. 1 h;we put a little poit 
»« into this glass aJenibic (Plate X. Fig. 33.J and on 
^:ing Ihe lamp under it, you will soon see these prot 

f^.mibj. But you do not mention alcohol amongst 

xiucts of the distillation of wine ; and yet that is 

•sst essential ingredient. 

tidrs. B. nie alcohol is contained in the brandy 

»ch is now coming over, and tlropping from the si " 

i^ntly is nothing more than a mixture of alcohol i 

Tcr i and in order to obtain the alcohol pure, 

1 ^t again distil it from brandy. 

^aro&nc. I have just talien a drop on my fingi 

PLATE X. 

^ig. »3. A. Akmblc. B. Limp. C. Wineglasf, 

E^'ig «4 Alcohol blaw-pipe. D. Tht Lamp. E. The veil 1 

in which the alcohol is boiling. F. A 'liet^ iiV-se. ti. VVlp 

saicdjn or itrcim a{ ulcahol ilirccli:d cowudt a^lilAU^M1|| 
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It tastes like strong brandy, but it is wllhoul 
whilst brandy is of n. deep yellow. 

Mra, B. It is not sQ naturally ; in ils pi. 
brandy is colourless, and it obtains the yellow 
observe'by exCraciing the colouring matter 
new oaken casks in which it is kept. 

But if it docs not acquire the usual tinge this 
the custom to colour the brandy uatd in thi; 
artiRcially, in order to give it the appearance ' 
been long kept. 

Caroliof. And is rum also distilled from wii 

Mrs. B. By no means ; it is distilled froic 
gar-cane, a plant which contains so great a q' 
sugar, that it yields more alcohol than almost i 
vegetable. Previous to the distillation of the i 
tugar-cane is made to undergo the vinous fern 
which the other ingredients of the plant are 
Clem to promote. 

The spirituous liquor called avaclc, is in i 
manner <UstiUed from the product of the vinou: 
taiion of rics; 

Emly. But rice has no sweetness ; does i 
»ny sugar ? 

Mra. B. Like barley and moat other seeds 
sipid until it has undergone the saccharine- 1 
lion i and this, you must recollect, is always 
ous step to the vinous fermentation in those v. 
in which sugar is not already formed. Branc 
the same manner be obtained from malt. 

CaroBnt. You n-.ean fj-om beer, I suppose 
mall must have previously undergone the vj 
mentation. 

Mra. B, Beer is not precisely the prod* 
vinous fermentation of malt. For hops are a i 
ingredient for the formation of tfaat liquor ; wfc 
dy is distilled from pure fermented malt. Be 
might, no doubt, be distilled from beer as wel 
any other liquor that has undergone the vinous 
tation ; for since the basis of brandy is alcoho 
be obtained ivom a»^ \\o^4 "O&sa. vtv\tains that ; 
itat^nee. 
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r/. And pray, from what vegetable Is ihe fevor- 

it of the lower orders of people, gin, extracted f 

B. The spirit (which is ihe same in all fer^ 

liquors) may be obiained from any kind of 

rain ; but the peculiar flavour which distinguishes gin, 
isthat of juniper berries, which are distilled together 
with the grain — 

1 thipk tlie brandy contained in the vriiie which ,wa 
are distilling, must, by this time, be all como over. 
Yes — taste the fluid that is now dropping from the 
alembic — 

Caroline. It is perfectly insipid, like water. 

Mrs, B. It is water, which, as 1 was telling you, ia 
ilie second procluci of wine, and comes over after all 
the spirit, which is the lightest part, is dislilled. The 
lartar and extractive colouring matter we shall find in a 
solid form at tiie bottom of the alembic. 

Ejmly. they look very liks the lees of wine. 

Mrs. B. And in many respects they are of a simi» 
lar nature ; for lees of wine consist chiefly of tanritof 
potash, a salt which exists in the juice of the grape, 
and in many other vegetable", and is developed only hy 
. tfce vinous fermentation. During this operation it is 
. precipitated, and deposites itself on the internal surface 
of the cask in which the wine is contained. It ia 
much uuetl in medicine under the name of rrcon) o/" 
lariar, and it is fiom this salt that the tartaixiua acid is 
ijbt;iined. 

Caroline. But the medicimJ cream of taitar is in 
appearance quite diflerent from these dark colouied 
dregs ; it is perfectly colourless. 

Mrs, B. Because it consists of the pure salts cnlyj 

■ in its ciystallizcd form ; whilst in the instance befora 
us It is mixed with the deeprcoloured extractive mat|e{ 
and other foreign ingredients. 

£im!y. Pray cannot we now obtain pure hkohol frflllij 
the brandy which we have distilled ! 

Afrr, B. Wc might : but the process would be 

■ tenons ! for in order to obtMn alcohol perfectly free 
from water, it is necessary to distil, or as the di'^uWEX*. 
cjU jl rec/i/^j/ it seicral times. You Tiiua.liv«iTt^«tS ^'" 
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low me to produce a bottle tif iijcohol tibat bnbeei 
thus purified. This is a veiy uniiortant ingredknli 
which has many striking properdc^ beudesits &nmp| 
the basis of all spirituous liquors. 

Endly. It is alcohol, I 8uppoie» . tbat produces* 
toxication ? 

A/r«. B. Cer tainly ; but the stimulus and moni«| 
ary energy it gi vcs to the system* and the intosicadai 
it occasions when taken in excessy are drcunutnEtf 
not yet accounted for. * - ^ 

Caroline. I thought that it produced these effi^bf 
increasing the rapidity of the circulation of the bkoi; 
for drinking wine or spirits, I have heard always qaidt 
ens the pulse. 

Mrs, B, No doubt ; the spirit hy adniula^ Al 
nerves, increases the action of the xnuacles; ndAi 
heurty which is one of the strongest muscular orgni 
beats with augmented vigour and pn^pels the blood will 
accelerated quickness. After such strong exdlstioi 
the frame naturally suffers a proportional degree of de* 
pression, so that a state of debility and languor are thi 
invarible consequences of intoxication. But tboagb 
these circumstances are well ascertained, they are ii 
from explaining why alcohol should produce suchct 
fects. 

Eniily, Liqueur^ are the only kind of spirits whiA 
I think pleasant. Pray of what do they consist ? 

Mrn. B. They are composed of alcohol, swceteDcd 
with syrup, and flavoured with volatile oil. 

The different kinds of odoriferous spirituous waten 
are likewise solutions of volatile oil in alcohol, ^ lavcB* 
dcr water, eau ^e Cologne, 8cc. 

The chemical properties of alcohol are importaDt and 
numerous. It is one of the most powerful cheinicil 
agents, and is particularly useful in dissolving a vanetf 
of substances which are soluble neither by water dot 
heat. 

Einily, We have seen it dissolve copal and wiA 
to form varnishes ; and these resins are certainly not 
soluble in water, svnc.^>w^\.^\^t^o.^^tfca them ftowtjicir 
•olution in a\coVvQ\, 
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Mrt. B. I am happy to find that you recollect ihew 
circumstances so well. The epme experiment aflbrds 
also on instance of another property of alcohol, its ten- 
dency to unite with water; for the resin is precipitated 
in consequence of losing the alcohol, which abaitdonB 
it from its pi-cferencc foi' water, We do not, however, 
consider the union of alcohol und water, as the effect 
of chemical combination, but rather as a simple solu- 
tion, similar to that of sulphuric acid and water ; 'n'n 
attended also, as you may recollect, with the same pe- 
culiar cii'cumslanceof a disengagement of heat and con- 
sequent diniiniuion of bulk, which we have supposed 
to be produced by a mechanical penetration of panicles 
fay wMch latent heat is forced out. 

Alcohol unites thus readily not only with resins and 
with water, but with oils itnd balsams ; these compounds 
form the extensive class of elixirs, tinctures, qulntcs- 
ceiices. kc. 

£mUy. I suppose that alcohol must he highly com- 
bustible, since it contains so large a proportion of hy- 
drogen? 

Mrs. B. Estremely so ; and it will bum at a 
moderate temperature. 

Caroline. I have often Seen both brandy and 
of ivine burnt ; they produce a great deal of fiame, 
not a proportiooal quantity of heat, and no smoke what- 
ever. 

Mrs, B. The last circumstance arises from their 
combustion being complete ; and the disproportion be- 
tween the flame and heat shows you that these arc by 
.no means synonimous. 

The great quantity of flame proceeds from the com- 
bustion of the hydrogen, to which, you know, thtA 
manner of burning is peculiar. — Have you not reroa 
also, that brandy and alcohol will bum without a v. 
They take fii-e at so low u temiJerature, that this a' 
ancB is not required to concentrate the heat and \ 
titize the fluid. 

CaToltne. I have sometimes seen brandy bnmi by 
merely heating it in a sp'ion, _ 

Jlfr^. S. The. rapidity of the cornXmsWafv *i^ eiwi 
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tnay, however, be prodigiously increased by ■ 
n. An ingenious iostrumcnl has been coiislructed a 
this princijile to answer the purpose of a blow-ppft 
■which may be used for mching glass or oilier chenut^ 

Erposcs. It consists of a stoail metallic vessct^fW 
fig. ?-4.) of a spherical shape, which cantut 
fcihe alcoholi and is heated by the lamp beiKath ji; 
s the alcohol is volatilized, it passes Chniugk 
■ the upout of the vessel, arid issues just above lhe*« 
Wtf the lamp) which immediately sets lire to ihettioD 
tfvapour, as I shall shew you — 
r Jiitdly, With what ama^ng violence it bums ! Tbi 
e of alcohol in the slate of vapour, is, I fancy, ouidl 
;r than when the spirit is merely burnt in a spoon! 
Mm. li. Ves ; ijecatise in this way the corabiisiiBa 
gncs on tniicli (luicUer, alid, of course, the heaiiipw 
portionally increased— Observe its effect on this snutl 
glass lube, the middle of which I present to the eKreB- 
iiy of the flame, where the heal is greatest. 

Caroline. The glass, in that spot, is become id 
hot, and bends from its own iveight. 

Mrt. D. I have now drawn it asunder, and am gfr 
ingtoblow a ball atone of Ihe heated ends; btiilniKit 
previously close it up, and Batten it with a little ineiil' 
lie instrument, otherwise the breath would pass throifjll 
(he tube without dilating any pait of it. Now, Catrfiift 
will you biow strongly into tlie tube whilst the cksd 
end is red hot ? 

Midly. You blowed too hard ; for the Irall sudde* 
ly dilaled to a great size, and then burst in pieces. 

ilfr«. B. You will be more expert another ti«e| 
bul I must caution you, should you ever use this bhw- 
pipe, tube very carefiU that thecombusrion of ihe Jo 
hoi does not go on with too great violence, for I haw 
seen the flame sometimes dart out ^th such fortea 
to reach the opposite wall of the room, and set ihc past 
on file. There is, however, no danger of die leuSt 
bursting, as it ispiovided with a safety tube, whichaA 
fowis uii additional vent for the vapour ofuleohol irtm 
retjoii-cd. 

The products of ihe combustion of alcohol > 
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K great proportion of water, andasmallquandtfofcaf* 
bonic acid. There is no smoke or fixed remains whMJii 
ever. How do you account for that, Emily ? 

Kmity. I suppose that the oxygen which the alcO-'" 
hoi absorbs in burning, converts its hydrogen intuwl^ 
tir, and ilB carbone into carbonic acid gas ; andthusSf, 
is completely consumed. 

Jtfr». B. Very well.— £/Afr. the tighest of all flu- 
ids, and with which you are M'ell acquainted, is obtiiiicil 
.fivm alcohol, of which it forms the lightest and most 
■volatile part. 

KmiUj. Ether, then, is lo alcohol, what alcohol j% 
\a brandy ? -, 

Mtk. B. No : there is an essential difi'crence. I# 
order to obtain alcohol from bmndy, yoii need only dc« 
privc the latter of its water ; but for the formation of 
ether, the alcohol must be decomposed, and one of its 
constituents partly subtracted. I leave you lo guess 
which of tliem h ia — 

Smili/, h cannot be hydrogen, as ether is more vo- 
Jatlle than alcohol, and hydrogen is the lightest of all 
its ingretlients : nor do I suppose that it can be osygen, 
as alcohol contains so small a proportion of that princi- 
ple i it is therefore, most probably carbone, a diminu- 
lion of which would not fail to render liie new com- 
pound more volatile. 

Mre. B. You are perfectly right. The formation 

£ Tether consists simply in subtracting from the alco- 
ol a certain proportion of carbone j this is effected by 
the action of the sulphuric, nitric, or muiialic acids on 
alcohol. The acid and carbone remain at the bottom 
of the vessel, wliilsl the decarbonized alcohol flies off 
in the form of a condensable vapour, which is ether. 

Ether is the most influmable of all fluids, and bums 
«t so low a temperature that the heat evolved during 
its combustion is more than is required for its support, 
9o that a quantity of ether is volatilized, which takes 
fire, and gradually increases tlic violence of the 
biistion. 

This spirituous fluid is so light thai it evaporates at 
n temperature of the atmosphere, it is there- 
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iorj- lo keep it confined by a well gro\in(l jbu 
stopper. No degi'ee of cold knotvn lias erer frozen 11. 
CaraHrte. Is it noiorten taken medicinally '. 
Mrs. B. Yes i it is one of tlie most tffectaa! am* 
F pasmodic medicines, and the (luickness of its eOecbi 
kca such, probably depends on its being iristonil]' eac 
f 'fcrted into vupoui' by (he heutofihe stomach, ihroujili 
the intcvvcniion of which it acts on the nervous sysieot 
Bui the Trcqucnt use of ether, like that of spriniow 
liquDi-s, beconnis prejudicial, and, if taken to ei«tt 
it produces effects siniilar to those of intosication. 

We may now take our leave of the vinous fcrmenn- 

tion, of which I hope, you have acquired a clear idoi 

as well as of the several products that are derivcdha 

it. 

I Caroline. Though this pracess appears at firsIilgU 

P»o much complicated, it may, I think, be summtdtip 

Pin few words, as it consbts simply in the convert 

sugar into alcohol and carbonic- acid, which gives 

both to the formation of wine, and of all kinds of spM- 

nous liquors. 

Airs. B. We shall now proceed to the aeetoat ff 
I tnetilafion, which is thus called, because it converts MtK 
Unto vinegar, by the formation of the acetous uid, 
B'^vhich is the basis or radical of vinegai', 
f Caroffnf, But is not the acidifying principle ofllit 
P Bcetous acid tlie same as that of all other acids, otf- 
I gen ? 

P Afrs. J3. Certainly ; and on that account the eon- 
■' tact of air is essential to this ferniBniatioD, as it afionb 
the necessary supply of oxygen. Mnegai', inordern 
obtain puie acetous acid fram it, must be distilled ul 
H, rectified by certain processes ; and the more fj^qiienl- 
■i'ly this operation b repeated, the more perfect the acil 
K'nill he. 

i Emily, But pray, Mrs B. is not the acetous vii 
Ijfi'etioeiitly formed without this fermentalion lokint 
V^Iacc ? Is it not, for instance, contained iii addfiWA 
puid ill evciy substance that becomes sour ? 
m Mra. U. No, not in fruits ; you confound it *i 
k the <-\m<., the malic, the oxalic, and other vrgMiUt 
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acids, to wliich living vegetables owe their acirllty. But 
whenevera vegetable substance turns sour, after '■ ' 
ceasciJ to live, the actons acid is developed by 11 
(if the aceia us fermentation, in which the substance 
t Liiices a step towarda its tinal decotnposit 

Amongst the vHrioiis instances of acetous fermei 
liun, that of bread is usually classed. 

Carolina. But the fermentation of bread is prodi 
by yeaat ; how does that effect it ? 

Mrs. B. It is found by experience that any 
stance that has already undergone a FcrmentaUoni 
readily exciieitinonethatis susceptible of thatprocess. 
If, for instance, you mix a little linegar with wine that 
is intendrtl to be acidified, it will absorb oxygen more 
.rapidly, and the [irocess be completed much sooner 
(that if left to ferment spontaneously. Thus, yeast, 
'Which is a pixiduct of the fermentation of beer, is used 
•to excite and accelerate the fermentation of malt,whi 
is to be convened into beer, as well as that of 
tJiat is to be made into bread. 

Caroline. But if bread undergoes the acetous fen 
tation, -why is it not sour ? 

Mrs. B. It acquires a certain savour which corrects 
the heavy insipidity of Hour, and may be reckoned a 
first degjree of acidification ; for if the process wi 
Tied farther, the bread would become decidedly 

There are, however, some chemists who do not 
sider the fermentaiioii of bread as being of the acetl 
kind, but suppose that it is a process of fermentat 
peculiar to that substance. 

The /lulridfermentalion is the final operation of Na- 
tare, and her last step towai'ds reducing organized bo- 
dies to their simplest combinations. All vegeialdM 
spontaneously undergo this fermentaiioii after deit'™ 
provided there be a sufficient degi'ce of heat and m( 
ture, together with access of air ; for it is well knoi 
that dead plants may be preserved by drying, or by the 
total exclusion of air. 

CaroHne. But do dead plants undergo the other fei 
mentations previous to this last ; or do they " 
atcly suffer the putrid ferment iition ? 
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Mrt, B. Tint depends OD a vuiety of dreoBUtth 
ccs« such as the degrees of lempentinne andofaoyb; 
ure« the mtore of the pbm kacK Su:- Boti if ]f«| 
were caiefbllj to foOmr and esanunB the deoonpoifUn 
of plants from their death lo tfiev final diainhtfipa, fin 
would generally find a sweelneas developed in the KdH 
and aspimnoosfljin)urinthe(hiits«(ii^ichhaveintoi 
gone the saochatine fisrmcnt al ianjb p ra v i uus totheti^ 
tal diaorganwatlnn and lepagatJon oifthe parta, 

Enuiy, I have aofnetlines remailced a kind e( ip^ 
rituous taste m fndis that were over iipe» uptinly 
oranges ; and diis was jiBt befiMe thej^ hmt^mit^ Tonak 

Mtm. B. It was then the vinouB fenncntatioB wKkh 
had succeeded the saccaiino, and had yon VftmtA^ 
these changes attentivetj, fon nonld protyUf ten 
Ibond the spititiioas taste fiaDowed hf acidiCf, praiiHl 
to the firotpasMng to die state tifpplirlactkau 

When the leaves fiknfimn the trees in tinrnnwij ttif 
do not (if there is no gre at mcnstivo in die atmosphere) 
immedfiately undergo a decomposition* bat are fintdn* 
ed and withered ; as aooo* however, as the ram setsioi 
fermentation commences, their gaseous piodocts are 
imperce^ublv evolved into the atmosphere, and tbeir 
fixed remains mixed vrith their lundred eanh. 

Wood, when exposed to moisture, alsoundergoH 
the putrid fermentation and becomes rotten. 

Emily, But I have heard that the eiry roij which ii 
so liable to destroy the beams of houses, is nreveoled 
by a current of air ; and yet you said that an* wucip 
aentiai to the putrid fermentation ? 

Mn, B, True ; but it must not be in such a piO' 
portion to the moisture as to dissolve the latter, ttt 
this is generally the case when the totting of wood ii 
prevented or stopped by the free access of iur«^-«WkK 
b commonly dry rot, however, is not^ I befievei a tnn 
process of putre&cdon. It is supposed to depend ona 
peculiar kind of vegetadcm, which, by feeding on die 
wood, gradually destroys it. 

Straw and all other kinds of vegetable matter alldc^ 
go the potxid iermeivXai^QK]^ isiNkKX!kTi»se^ T«3^kllY ^^ 
mixed with ainnia\ TcoatXfei . '^I^OQk\«axN& v^vSn^^s^ 
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(this procesS) and a variety of volatile products are 
pgaged, SB car^onic add and hydi-ogen gaa, the 
ir of which h fretjuenily either aiilpliuvated or phos- 
faled. When all these gasses have been eiolvei), 
&xed products consisting of curbone, salts, potash) 
form a kind of vegetable earth, which makes very 
manure, as it is composed of those elements which 
. form the immediate matedals of plants. 

Caratine. Pray are not vegetables sometimes pre- 
served from decomposition be petrifaction ? I have seen 
very curious specimens of petriSed vegetables, in which 
state they perfectly preserve their form and organiza- 
tion, though in appearance tlicy are changed to stone. 
Mra. B, That is a kind of metamorphosis, which, 
now that you are tolerably well versed in histoiy of min- 
eral and vegetable substances, I leave to your judgment 
to expluin. Do you imagine that vegetables can be 
converted into stone ? 

Mnaly. No certainly ; but they might perhaps be 
changed to a substance in appearance resembling stone. 
Mm. B, It is not so, however, with tlie substances 
thai are called petrified vegetables ; for these are real- 
ly stone, and generally of the hardest kind, consisting 
chiefly of silex. The case is this : when a vegetable 
is btnied under water, or in wet earth, it is slowly and 
gradually decomposed. As each successive particle of 
the vegetable is destroyed, its place is supplied by a 
p»Jticleof silicious earth, conveyed thither by the wa- 
ter. In the course of time the vegetable is entirely 
deatoyed, but the silex has completely replaced it, hav- 
ing assumed its form and apparent testure, as if the 
vegetable itself were changed to stone. 

CaroUnc, That is very cuiious ! and I suppose that 
petrihed animal substances are of the same nature ! 

Mrs. B. Precisely. It is equally impossible for eith- 
er animal or veget;jble substances to be converted into 
sione. They may be I'cduced, aa we find they are, by 
decomposition, to their consiiluent elements, but can- 
rot be changed to elcmenis, wluctv i!ow 
Oiei/'coniposiiion, 
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Tliere arc, however, ci re um stances \vhich frequat 
ly prevciil die regular and final decomposition ol \tpr 
'table<i ; as, for instance, when they are bm-ied eilto' 
In ilie sea. or in die cartli, where ihey caniioi Uiulei(!l» 
the puiiid fermentation for want of idr, Indieseiua' 
ttiey arc subject to a peculiar change, by whicli Hiq 
are cotivf rted inta a new class of compoiiniU, nU 
iil alliens. 

CaroHae, These are substances I never iicm-drfbc 
Tore. 

Afra, B. You will find, however, that some of iJe» 
are vei'y familiar to you. Bitumens arc vegetables nif 
deconipcrsed as to retain no organic appeai-imce ) HT 
their origin is easily detected by their oily na[ure> MT 
combustibility, the pioducts of their analysis, and A 
impres»ons of the forms of leaves, grains Gbrei if 
vood, and even of animals, which ihey frequently hem 
, They arc sometimes of an oily liquid corksbtencci « 
the substance called nc^W/w, wliicliis a Gne truntputR 
colourless fluid, that issues out of clays in some paffiii 
Persia. But more frequently they are solid as aapfmlt^i 
M smooth hard brittle substance, which easily 
«nd forma, in its liquid state, a beautiful dark 
colour for oil painting. Jet, which is of a still 
texture, is a peculiar bitumen, susceptible of so fiiBt 
p^ish that it is used for many onHaneotal purpoBCL 
Coai is also a bituminous subslance> to the compc 
tion of wtuch both the mineral and animal kingdoM 
seem to coocor. This most UGcfnl mineral appear* tf 
consist chiefly of Tegelable matter, mixed with »' 
roaiiM of marine animals and maiine salts, and i 
^ionally containing aquanuty of sulphuret of iron, 
monly called pyrites. 

Entity. It is, 1 suppose, the earthy, the meGiEi 
and the saline parts of coals, that compose the cindeB 
or fised pnnlucts of their combustion ; whilst the bp 
tlrogen and the caiimne, which they derive fromveg^ 
tables, consdtute their volatile products. 

Caro&ie. Pray is not coak (which X have hearfli 
much used in wtn« tKBH^iWaiXK^ ii!a» ^ " * ''" 
substance ^ 
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is a kind of fuel artificially prepared from J 
ts of coals reduced to a substance anal* i 
;^ua to cliarcool, by the evaporation of their volatile 
k m. Coak, therefore, is composed of caibone, with 
Mae earthy and saline ingredients. 

Succin, oryellev) amber, is a bitumen which the 
sintB called dccirum, from whence the word electricity 
<ierivcd, as that Biibstanc£ is peculiarly, and was once 
^posed to be exclusively electric. It is found either 
s epiy buiied in the bowels of the earth, or floating oa 
«B sea, and is supposed to be a resinous body which J 
^3 been acted on by sulphuric acid, as its analyui^ 
k. -ews it to consist of an oil and an acid. The oil is ci 
%. laiof ambifr, the acid the si^rciruc 

P.vfdy. That oil I have sometimes used in paintios 
- it is reckoned to change less than the other kinds < 
Is. 

Mm. B, The last class of vegetable Bubstances that 
^Ue changed their nature are fossU noood, /leat, and 
^^rf. These are composed of wood and roots of shmba, 
fcat lire partly decomposed by being exposed to mois^ 
•re under ground, and yet, in some measure, preserve 
^eir form and organic appearance. The psat, or black 
^rlh of the moors, retains but few vestiges of the roots 
:» which it owes its richness and combustibility, these 
kobstances being in the course of time reduced to the 
%^e of vegetable earth, llut in turf the roots of plants 
"We stiU disccrnable, and it ec|Uiilly answers the purpose 
rf fuel. It is the combustible used by the poor in 
heathy countries, which supply it abundantly. 

(t is too late this morning to enter upon the history 
*f vegetation. We shall reserve this subject, thcrfloja 
^Me, for our next interview, when I expect that it Wl^^ 
"Ornish us with ample matter for another conversatio^t ; 
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Conberjecatton xix. 



lUstory of' Vegetation, 



Mrs. B. 

Thb Vegetable Kingdom may be considered i 
link -which unites the mineral and animal creatki 
one common chain of beings ; for it is througi 
means of vegetation alone that mineral substance 
introduced into the animal . system, since gen 
speaking it is from vegetables that all animals ultii 
ly derive their sustenance. 

Caroline, I do not understand that ; the humai 
cics subsists as much on animal as on vegetable 
and there are some carnivorous animals thatu: 
only animal food. 

Mrs. B, That is true ; but you do not conside 
those that live on animal food derive their suste 
equally, though not so immediately, from veget 
The meat that we eat is formed from the herbs o 
field, and the prey of carnivorous animals pnx 
either directly or indirectly, from the same soura 
is therefore through this channel that the simpk 
ments become a part of the animal frame. Wes 
in vain attempt to derive nourishment from car 
hydrogen, and oxygen, either in their separate 
or combined in the mineral kingdom ; for it is or 
being united in the form of vegetable combination 
they become capable of conveying nourishment. 
jEfjuly. Vegetation then, seems to be the © 
which nature employs to prepare the food of anit 

Mrs, B, That is ceitainly its principal object.- 
vegetable creation does not exhibit more Avisdomt 
admirable sysvcrcv ol o\^v\-i.'axvQ.vi^ Vv^ wUich it is 
led to answer its o'wwvrcvwv^vicv.iXR e\\\*» <^S.^^\^^'5i.x\.vSi 
trition, aud pYo\)?i^^X\ow, >\\cocv\w\Vb ^^x-isA v^jc^^ 
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id of furmlng those arrangements and combina- 
is of piinciiiles, which are so well adapted for tho { 
rishment of animals. 

Simly. But I am very curious to know whence veg- 
»Ics obtain those principles, which form their immq- 
B male rials > 

Jra, B. This is a point on which we arc yet k> 
;fa in the dark, that 1 cannot hope fully to saibfy 
r curiosity ; but what Utile I know on tliis subject, 
LD endeavour to explain lo you. 
"Tie soil, which, at Brst view, appears to be the ali- 
M of vegetables, is found, on a closer investigation, lo 
ittle more than the channel through which they re- 
'e their nourishment ; so that it is very posi^ble to 
* plants without any earth or soil. 
Caroline. Of that we have an instance in the bya- 
1l and other bulbous roots, which will grow and bios. 
k beautifully in glasses of water. But 1 confess I 
Uld think it would be difficult to rear trees in a simi' 
manner. 

\frg. B. No doubt it would, as it is the burying of 
roots in the earth that supports the stem of the tree. 
C this office, besides that of affording a vehicle for 
d, is far the most im[)ortant part which the earthy 
Vions of the soil perform in the proce^E of vegela- 
k; for we can discover byanjiyaisbut an extremely 
b11 proportion of earth in vegetable compounds, 
Z2aroli7K. But if car())s do not afford nourishment, 
J is it necessary to be so altenlive to the prepaii^tiDn 
«be soil ! ' 

^ra, B, In order to impart to it those qualiliei 
ich render it a proper vehicle for the food of the 
■mt. Water is the chief nourishment of vegetables \ 
tlierefore, the soil be loo sandy, it will not retain a 
^tily of water sufficient lo supply the roots of tlio 
J>ta. If, on the contraiy, it abounds too much with 
JT) the water will lodge in such quantities as to thrca* 
I a decomposition of the roots. — Calcareous soils are 
^t\ the whole, the most &vourab!e to the growth of 
'Its, from iheir containing in gveaX sJiMB&i'MJi ita- 
lic aci(/, which is one o( the nwaX caiaeWJA'va'ff'^ 
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ents of vegetation. S<»ls are, there 
proved by chalk, which yoM may r 
bcmat of lime. Different vegetabtes, ' 
difierent- kind» of soils. Thus rice < 
retentive soil ; potatoes a soft sandy s 
and rich soil. Forest trees grow bette 
in a stiff clay ; and a light ferug^nou 

-^ ted to fruit trees. 

^ CaroSne, But pray what is the use 
soil? 

Mrs, B, Manure conus^s of all kii 

^ whether of vegetable or animal origin 

/dergone the putrid fermentation and 

'^decomposed, or nearly so, into their 

"^^ffdfiilQfl. Now, I ask you what is the 

'^ 'i&g tjbe soil with these decomposed sul 

OaircBne. It is, I suppose, in orde 
table's with the principles which ente 
poshion. For manures not only coni 
drogen, and oxygen, but by their de 
ply the soil with these principles in 
form. , 

Mrs. B. Undoubtedly ; and it is fc 
the finest crops are produced in fields t 
ly covered with woods, because their 
of a rich mould, a kind of vegetabl 
bounds in those principles. 

Endly, This accounts for the pie 
crops produced in America, where th 
a few years since covered with wood. 

Caroline, But how is it that anima 
reckoned to produce the best manure i 
pear much more natural that the decoi 
of vegetables should be the most apprc 
mation of new vegetables ? 

' Mrs, B, The addition of a much g 
of nitrogen, which constitutes the chi 
tween animal and vegetable matter, r 
position ot the fcxtitvex rcvote compfic; 
qliently more i'A\o\\t«\A^ \o ^^^wxv^ 
of animal substaxice^ \s OkvsSl^ xa ^n 
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; fennentadoo ofthe Tegelsbfe k^^rediesits that en- 
to the compoadoQ of numurcs. The manure of 
n-yard is <^ that desciipdon ; but there is scarcelj 
ubstance suscepdfale c^uzxlergaing the putrid fer- 
ation that will not make good maDure. The heat 
iced hf the fermeotalkxD of manure is another 
mstance which i» extremely &\T>UTable to veget- 
; yet this heat woold be too great if the manure 
aid on the groond in the height of fermentation ; 
ised in this state only for hot-beds, to produce mel- 
cucumbers, and such vegetables as require a very 
temperature. 

Tolhie, A diflBculty has just occurred to me which 
not know how to remove.— Since all organized 
:s are, in the common course of nature, ultimately 
:ed to their elementary stale, they must necessa- 
n that state eniich the soil, and afford food ibr ?e- 
ion. How is it then that agriculture, which can* 
icrease the quantity of those elements that are re- 
id to manure the earth, can increase its produce 
)nderfully, as b found to be the case in all culti- 
I countries ? 

ra, B. It is by suffering none of these princq>les 
main inactive, and by employing them to the best 
itage. This object is attained by a judicious pre- 
ion ofthe soil, which consists in fitting it either 
e general purposes of vegetation, or for that of 
articular seed which is to be sown. Thus, if the soil 
:> cold, it may be warmed by slakeing lime upon 

too loose and sandy, it may~be rendered more 
stent and retentive of water by the addition of clay 
tm ; if too poor, it may be enriched by chalk or 
ind of calcareous earth. On soils thus improved, 
ires will act with double efficacy, and if attendon 
id to spread them on the ground at a proper sea- 
f the year, to mix them with the soil so that they 

be generally diffused through it, to destroy tlie 
s that might apropriate these nutritive principles 
jir own use, to remove the stones which would 
de the growth of the plant, &c. we may obtain a 
ice an hundred fold more abundant than the earth 
J spontaneously supply. 
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Xmily. We have a very strildng in 
ihc scHHiy produce crf uncutiivntcd eomi 
lo Uic rich crops of meadows which 
jtaaniircd. 

.Carodne. But, Mrs. B. though t 
vcBihe advantages of cultivation, tb 
ly which 1 cannot get over. A co 
mcntary principles exist in nature, 
in the power of man cither to Bqgid 
Of these principles you have taught vs^ 
imal antl vegetable creation are comj 
more of them is taken up by the veg< 
the less, it would seem, will remain fi 
therefore the more populous the cart 
leas it will produce. 

Mrt. B. Your reasoning is very ph 

pericnce eveiy where contradicts tt| 

would draw from it : for we find tha( 

vegetable kingdoms, instead of 

suppose, at each other's expense, alv( 

multiply together. Indeed, you mud 

conclusion would be valid only if evori 

Epvcral principles that could possibly 

"*ier purposes were employed in ibei 

'e creations. Now we have reasoi 

luch greater proportion of these 

juired for such purposes remains, 

intary stale, or engaged in a lesjj 

nbination in the mineral kingdom 

ich immense resources as the atn« 

vaiers afford us, for oxygen, hydrogi 

so tar from being in danger of woi'luQ 

pie materials, we cannot suppose thi 

bring agriculture to such a degree of 

require the whole of what these reaeul 

Nature, however, in thus fumishio 

exhaustible stock of raw materials) 

measure to the ingenuity of man t« 

a his own purposes. Bui, like a ki 

him to exertion, by setting t 

lintingoul the way. For it is on 

lure that al\ the wR^tiwftviveMAQf 
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fagricultinc consists, there Ibre, in discomffag 
I meihod of oblaining the sevei-al principles, 
tlieir grand sources, air and water, or fi-om 
Msilton of orgaitized burlics ; and in appropri- 
in tlie best maiinei- to the purposes of vege- 

But, among tlie sources of nutiiuve priiici- 
^ surprised that you do not memionthe earth 

contains abuodiknce of coals which are chief- ' 

d of carbone. 

You must iTcollcct that coals are, principal- ■ 
Scntirdy, of vegetable origin ; andiherefbre,the 
lioukl be conudered rather as the vehicle thrrf 
Iccayed organized matter is gradually bi'oughl 
tate of coals, than as the original source of that 
t combustible. Besides, you~know, that tho' - 
•ound in carbone, they cannot on account of their 
IS and impermeable lexinre, be immediately 
iem to the purpoBCs of vegetation. 
/, No ; but by flieir combuation carbonic acid 
iced ; and this enteriiif; into various combina- 
rtlie surface of the earth, muyperhapsai 
Bfe-vegetation, 
K Pi-ebably it may in some degree ; but at 
He quantity of nourishment, which vegetables 
Hve from that source, cati be but very ti'iiling, 
St entirely depend on local circumstances. 
'jnc. Porhaps the smoky atmosphere of Lon- ■ 
he reason why vegetation is so forward and bo 
its vicinity I 

B. I rather believe that this circumstance pro- 
'om the very ample supply of manure, assisted 
i by the warmth and shelter which the town af- 
Far liwn attributing any good to the smoky al- 
ire of London, I confess, I like to anticipate 
e when yve shall have made such progress in 
of managing combustion, that every parucle of 
1 will be consumed, and the smoke dcatroyeil , 
nomcnt of its production. We may tlicn e 
have the sati^ractiun of seeing the atmosphere ■ 
dcoias clear as that oJ \iie COWUW'ji-^nS.vk.v 

1 z 
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■m to OUT subject I Ihopethatyot 

\vc sbiill not easily ex|>erieiice a deficiency of ir 
c cletneDts to Teriilizc the earth, and (hx^ pwM 
ire arc but inilustrious in applying them to ihe besi^ 
Vantage by improving; the art of agriculturci ddM 
tMn be aligned (o the fiiuts thut we may especl tonf 
(Din our luboui-s '. 

VaroSnir. Yes ; I am perfectly satisfied in toff- 
q>cct, and can assure you that I feel already much lUl 
JDlerested in the progress and improvement of agrlo^ 
«Wte. 
■ Emily. I have often lliought that the cultiffi 
knd was not considered as a concern of suffi' 
wrtancc. Manufacture* always take the li 
lealthand innocence are frequently sacrificed ta 
Bct of a more profitable employment. Il bufl 
[ricved me i<, see the poor manufacturers cmwdcJJ 
{ether in cloiie rooms, and confined for the nhokfl 
to the most uniform and sedantary employ meDl,^>Ai 
of being engaged in that bnoceot and salutary luail I 
labour) which nature seems to have asdgned ic IBr 
ibi' the immediate acqiireraent of comfort, and fof lli 
ipreservaiionof hisexistence. lam sure thatyouig" 
-*ith me in thinlung so, Mrs. B ! 

Mr«. B. lam entii'ely of your opinion, mydeir, il 
regard to theimportance of agriculture ; bwlm^', 
'from wishing lo depreciate manufactures! for Mil*' 
labour of one man is sufficient to produce foodforstv 
eral, tliose whose industry is not required in ull"p( 
'must do something in return for the food that is pnniikii 
for them. They exchange, consequently, the accom- 
modations for the necessaries of life. Thus the tU- ' 
ipenter and tlie weaver lodge and clothe the peosuiCi 
who supplies them with their dally bread. The gW 
"er stoct of provisions, -therefore, which the husbund" 
man prckluces, the greater is the quantity of aceomiM' 
daiion which the artificer pi-epares. Such are the la?* 
\j efiecis which naturally result from civilized socitlj'. 
I would be wiser, therefore, to endeavour to impru" 
' ^ situation of those who are engaged in manufe- 
Ires, thantoinduV^cinvaindcclainationa o " ' ' 
lips to wbith tbc^ ais. tilvs^ t.-s.-jtaiA. 
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8t we must not yet take our leave of the sttbjeet of 
culture ; we have prepared the soil, it remains for us 
lo sow the seed. In this operation we must be cai«- 
,ot to bury it too deep in the ground, as the access 
ir is absolutely necessary to its germination ( the 
I therefore must lie loose and light over it, in ordcf 
tlie air may peneti-ate. — Hence the use of plough- 
aTid digging, haiTowing and raking, See. A cer- 
legree of heat and mmsture, such as uspilly lake& 
; in the sprkig, is likewise necessary. 
tnHinf. One would imagine you were grang tt> 
ribe the decomposition of an old plant, rather than 
ai'mation of anew one ; for you have enumerated 
>c requisites of fermentation, 
"i-s. S. Do you forget, my dear, that the youn^ 
: derives its existence from the destruction of 1' 
> and that it is actually by the saccharine Jerini 
n that the latter is decomposed ? 
croHne. Tiue ; I wonder that I did not rc<io]]ect 
The temperature and moisture required fcr the 
lination of llic seed, is then employed in produc- 
he saccharine fermentation within it. 
rrs. B. Certainly. But, in order lo understand 
nature of germination, you should be acqu^nted 
the different parts of which the seed is composed, 
extenjal covering or envelope contains, besides 
germ of the future plant, the substance which is to. 
titute its first nourishment ; this substance, which 
lied the parenrliyma, coniJsts of fccula, mucilage, 
oil, as we formerly obseiTed. 
lie seed is generally divided into two compart- 
ts, called lohi-s. or coiykdon*-, as is exemplified by 
bean, (Plate XI. Fig. 2o.) — the dark colouwd 
. of string which divides the lobes, is called the rad'- 

PLATE XI. 
Ig. ij. Bean. 

g. 36- AB- Cotyledon!. C, Envelope. D. Radicle. 
g. S7. AB Cotyledoni. C. Plumuti. D. Radicle. 
g. s8. AB- Colylcdons. C. Plumtila. D. Radicle, 
g. 39, AA.Glaubeli. B. Bladderretmeiions theW);*. 
Iladder roprejen ting the diaphia|>nt. 
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ture aoove *.;" a imuiues water, wnict 
the lobes ; it then abwrbs oxygen wl: 
Bomc of its cnrl>one, und in returned 
bonic acid. This loss of carbone i 
parative proportion of hydrogen and • 
and excites the sacchoiine ferments 
pai'enchj'matous mutter is converted 
emulsion. In this Ibi'm it is cari^d 
vessels for that purpose ; and in tl 
fernientation having caused the see 
tj-ledons arc rent asunder, the radii 
ground and becomes the root of th 
the fermented liquid is conveyed (o t 
vessels have been previously distcml 
the fermentaiion. The plumula bei 
it were, by the emulsive fluid, misea 
up to the surface of the earth, beari 
ledons, which as soon as they come 
air, spread themseties, and are transf 
If we go into the garden, we shall p 
seeds in the state which I have desci 
Emily. Here are some lupines ti 
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niiitas of ^1 
to nou- ■ 



ke the otlier leaves ■which I perceive 
ig to appear. 

B. It is because they relain the remaihs 
nchyma, with which they still continue to no 
young plant, as it has not yet sufficient roots and 
to provide for ita sustenance from the soil. — 
this third lupine, (Plate X\.J^g. 28 .J the ra- 
1 sunk deep into the earth, and sent out seve- 
;s, each of which is furnished with a mouih to 
nourishment from the soil ; [he function of the i 
leaves, therefore, being no Ioniser required, i 
"gradually decaying, and the plumula is be- | 
feular stem, shooting out small branches and. j 
pts foliage. 1 

3 seems to be a very striking analogy J 
a seed and an egg ; both require an elevadon 4 
irature tobe brought to life ; both at first sup- "i 
1 aliment the organized being which they pro* I 
nd as soon as this has attained sufhcient strength '1 
,re its own nourishment, the egg-shell breaks, ' 
1 the plant the seed-leaves fall off, , 

3, There is certainly some resemblance be- ■■ 
these processes ; and when you become ac- 
I with animal chemistry, you will f I'equently be 
filh its analogy to that of the vegetable kmg- 

on as- the young pinnt iseds from the soil, it rc- 
le assistance of leaves, which are tlie organs by 

le plLint throws u9' its Guperubundant fluid ; this J 

1 is much more plentiful in ttie vegetable than 1 

nimal creation, and the great ^xtcnt of surface ■ 

iliage of plants is admirably calculated for car- 1 

on in sufficient quantities. This transpired I 

miXt of litde more than water. The aap, by 1 
ks, is converted into a liquid of greater cou- 

Brhich is &t to be asdnulated to its several I 

BVegotation, then, must be essentially injur- I 
Sroyinj; the leaves of the plant ? I 

E Undoubledly ; it not only diniinit.hcs the A 
Hon, but all! o lncabaDT^uot\\i'j >Jftt ^•aaisiViJcR.l 
I 22 



V ' But I should inform yon that 

_^_ , ■' piration seems to be c«>n|>ined u 

''\ ,-. the leaves, whilst, on the coptrai 

ft , •", which is more rough and uneven. 

_, 1 '■ '■'..■ kind of hair or down, is ijestined 

I' * ■ such, other ingredients aa the plai 

mosphere. 

As soon as a young plant make 
ground, light as well as air bec< 
preservation. Light is essential 
of the colours and to the thrivin 
nay have often observed what a p 
have for the light. If you make 
room, they all spread their leav 
branches towards the windows. 
CaroUne. And many plants ck 
, soon as it is dark. 

£inili/. But may not this be t 
_i dampnesaof the evening air ? 

I I. ' Mrs. B. That does not appeal 

I J^ in a course of curious experiments 
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! saidtliat water forms the chief nourishment 
kiit»; it is tlie basis not only of the sap, but of all 
Wgetable juices. Wiitcr k the vehicle which cut- 
o the plant the various sahs and ather ingredi- 
luirec] for <he form^ilion and suppoit of tlie *eg- 
bsystem. Nor is this all ; great part of the water 
"is decomposed by the organs of the piant ; tlie hy- 
D. becomes a constituent part of oil, of extract, of 
ing matter, &c. whilst a portion of the oxygen 
into the fbrniation of mucilage, offecula, ofau- 
^nd of vegetable acids. But the greater part of 
feygen, proceeding C'um the decoEnposition of the 
I is converted into a gaseous stale hy the ctiloiiC) 
[aged ti'oin the hydi'ogcn during its condensation 
_ t tbi-niation of tlie vegetable inateiiais. In this 
s ilic oxygen is transpii'eti by the leaves of plants 
vhen exposed to the ■ma's rays. Thus you iind that 
i3\c decomposition of water, by the organs of the plant, 
is not only a means of supplying it wiih its chief Ingro. 
dicnt, bydrageni but at the sujiic time of replenishing 
tlie atmospiiere with oxygun, a pnnciple which re(|uirca 
contimtal renovaUon, to make up Ibr tlie jp'cut cotisump- 
iion of it occasioned hy the nunioi'ous oxygenations, 
conibustions, and respirations, that are constantly ta- 
kiiii; place on the surface of the globe. 

E?nily, What a striking instance of the harmony of 

Mrs. B. And'hmv admirable tlic dcsigii of Provi- 
dence, who makes every diflcrent part of the creation 
tUus contribute to the support and renuvation of each 

But the intercourse of the vegetable and animal king- 
doms tlirough the medium of the atmoiqihcrc oxtcnds 
BtiU farther, Aiumals, in breathing, not only coiiKunie 
the oKvgen of the air, but loud it with carbonic acid, 
which, if accumulated in tbe atmosphere, woiikl, in a 
short time, render it totally unlit for respiintion. Hero 
the vegetable kingdom again interferes ; it ulti'acts and 
decomposes the carbonic acid, I'etaius lliu curlione for 
ita own purposes, and returns the OKygen for ount. 
This pi-ocess, however, is only carvici ija iM.v\\\t •{«* 
day, and a coiitiaiy one seiim& Xo y)\itt ^\aK,iv Owxws^'Cm? 
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B^V. ; for the leaves then absDzb oxroen sndemc 
i^joK Sicid. The ifcuaoipdoxi of carbanir aciL audn| 
dav. is. however, fair ivim balanced br tXK: au 
emiited during the m^hi. 

Om&ne. Hot smeresdng thk is ! I dD nor bi 
more beauuful UlustranaQ of the iprisdaxu Trhidiis 
plared in the laws of nature. 

Mrt. B. Faint and imperfect be a*c die idesii 
our limited peroepidGOs tnabik; us to form of H 
WLbdom, still ther canrxn fail id inspirE uf ^ 
and adnoiralkin. What then -srould be oar fsstnngc^ 
the complete svstem of nature at once displered bi 
us! So magnificent a scene Tould puDbahlybeiDDj 
for our limited and imperfect comprehensaoD. tst 
no doubt, amongst the mise dispensanoDs ofPronid 
to veil the splendour of a giorr -nith 'vrhich -vt J 
be overpowered/— But it is veil suited K) the bid 
a rational being to explore, step br step, ihc vxt 
the Creadon ; to endeavour to connect theiD ixm 
monious systems ; and. in a word, to trsce^ ir. :ne 
of beings, the kindred ties and beuevoleni de^gs 
unite its various litiks, and secure its presencdcc 

Caroline. But of what nature are these org 
plants which arc endued with such wonderful poi 

Afr«, B, They are so minute, that ihcir s:r 
as well as the mode in which they perform ihei: 
tions, generally elude our CAamination ; but \< 
consider them as so many vessels or apparatus 
priated to perform, v.lih the assistance of the pr 
of life, certain chemical processes, by means of 
these vegetable compounds are generated. W 
however, trace the tannin, resins, gum, mucilaj 
some other vegetable materials in the orgiaiizcd ai 
ment of plants, in which tlicy form the bark, th( 
tlie leaves, flowers, and seeds. 

The bark is composed of the e/ddermisy the 
c/iyn/ ■■. and the vortical layers, 

Tlie epidermis is the external covering of thi 
It is a thill ir-.uisparcnt membrane consistim^ of 
ber ofsltjiulcr lii^res crossing each other, and 1 
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veral species of trees, in ihe stems of com 
>, it is composed of a tliin coating of siticious 
which accounts for the alrcngih and bai-dness of 
9ng and slender stems. Mr. D^vy was led to 
loverygf tliesilicious nature of the epidermis of 
ants, by observing the singular phenometKin of 
of fire emitted by the collision of rattan canes 
licli two boys were fighting in a dark room.— 
lysing.the epidermis of the cane, he found it to 
i3t entirely silicious, 

'inp. With iron then, a cane I suppose, will 
ire veiy easily ? 

B. I understand that it will.— In evergreem 
idcrmis is mostly resinous, and in some few 
.3 formed of wax. The resin, from its want of 
for water. lends to preserve the plant from the 
live effects of violent rains, severe climates, or 
int seasons, to which this specie* of vegetables 
liai'ly exposed. 

y. Resin must preserve wood just like a var- 
9 it is the essential ingredient of vurnishes. 
B. Yes, and by this means it prevents like- 
luinecessary expenditure of moisture, 
parenchyma is immediately beneath tlie epider- 
t is that green rind which appears when you 
branch of any tree or shrub of its external coat 
. The parenchyma is not confined to the stem 
ches, but estendB over every part of the plant, 
s the green matter of the leaves, ajid is eora< 
if tubes filled with a peculiar julce> 
cortical layers are immediately in contact with 
k1 ! they abound with tarnin and gallic acid, unil 
of small vessels, through which the sap tie- 
after being elaborated in the leaves. The corii- 
irs are annually renewed, the old bark being 
ed into wood. 
If. But thi-ongh what vessels does thi 

That function is performed by the tiibei 
wootl, which is iuimetiiuiely be- 
ftconJcal laj'ers, Tlic wooi is tiiw.\j'ayi.*v 




heart-wood ; it appears to be del 
fimction* are discernible in it. It 
of the living olbumum that the 
thenfbrei spread into the learea, i 
cate with the e^ctremities of the re 
iayera, into which the^ pour tb^ 

Caroime. Of what use then are 
■enchficB, since neither the ascent 
Up passes through them? 

Mr: B. They are supposed to 
tant Cuactlon (^ secreting imra the i 
ces from which the plant more imt 
notimbment. These juices are v 
the vessels which contain them an 
those through which the sap drculi 
juices of plants difler much'in tbel 
O^nmc species of vegetabiss, but 
ent parts of the same individual plan 
times saccharine as in the sugar-cai 
nous, as in fira and evergreens, so 
appearance, as in the laurel.. 

Emibi. I have often observed; 
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*afi species take deliglit in them. They searceW 
r attack any odoriferous parts of plants, and itisnol, 
tomraon to see every leaf of a tree destroyed by t^^ 
Cht, whilst the blossoins remain untouched. Cedarv] 
K}a), and alt aromatic woodsj are oa \' ' 
SBt durability. 

'Smily, But the wood of the oak, ivliich is so much^ 
Semed for its durability 'has I believe) no s^ell. — 
&B it derive this quality from its hardness alone 1 
•fiw. B. Not entirely; for the chesnut, though con- 
arably harder and firmer than the oak, is not so 
tng. The dui-ability of the oak is, I believe, in a 
et measure owing to its having very lillle heart- 
ad, tlie alburnum preserving its vital functions long- 
ban in otlier trees. 

Caroline. If incisions are made iiilo the aibumum 
Gortica! layers, may not tlie ascending and descend- 
sap be procured In the same manner as the pecU' 
juice is from the vessels of the parenchyma ? 
f?frs. -B. Yes ; but in order to obtain specimens of 
%e Quids, In any quantity, the experiment must be 
le in the spring, when the sap circulates with the 
Btest energy. For this purpose a smalt bent giasa 
: should be introduced into the incision, through 
<:h theaapmay flow without mixing with any of the 
3r juices of the tree. From the bark the sap will 
'' much more plentifully than from the wood, as the 
snding sap is much more litjuid, more j^bundant, 
more rapid in its motion than that which descends ; 
the latter having been deprived hy the operation of 
leaves of a consiberabte part of its moisture, con- 
s a much greater proportion of solid matter which 
.rds its motion. It does not appear that there is 
>A de3cending;*sap, as none ever ei:udes from the 
. of plants i this process, therefore, seems lo be 
ji.'d on only in proportion to the wants of the plant, 
tijo sap descends no further and in no greater quaii- 
tlian is required to nourish the several organs. — 
srefure, though the sap rises and descends in the 
It, it does not appear to undergo a real cii'culaiion. 
'he last of the organs of plants is l\\e Jlnwrr <si ^'^^*'m 
, ivAic/i produces the/mfs and «i.cd. "VVe's^i'ci" 



ThcK are the jirindpal organs of 
me^i of whieh die several chernkal pi 
Me earned on duriitg the Ufe of the plai 
ed. 

Smily. But how are the aevend f 
enter into the composition of vegetabh 
bf the organs of the plant as to be conv 
able matter \ 

M-e, B. By chemical processes, n 
apparatus in which they are perfbnned 
tninute as completely to elude our en 
can fimn an opinion, therefore) fxiy \ 
these operaUons. The sap is eiidcnt 
water absorbed by the roots, and hol£i] 
Tirioua principles which it derives from 
the roots the sap ascends ihrougih th« 
bnmum into the stem, and thence tauu 
extremity of the plant. Together iril 
lates a certain quantity of carbonic acid 
isdiy disengaged from the ibrnier by I 
of the plant. 

CarvSne. What ! have veRetables 
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, it deposites in the several sets of vessels witk 
h it communicates, the materials on ^vhich the 
th and nouiishment of eapb part depends. It is 
that the various peculiar juices, saccharine, oily* 
>us, acid, and colouring, are formed ; as also the 
solid parts of fecula, woody fibre, tannin, resins, 
ete salts : in a word, all the immediate materials 
5«tables, as well as the organized parts of plants, 
1 latter, besides the power of secreting these from 
•ap, for the general purpose of the plant have also 
>f applying them to their own particular nourish- 

^ily. But why should the process of vegetation 
place only at one season of the year, whilst a total 
ion prevails during the other ? ^ 

W. B. Heat is such an important chemical agent, 

its effect, as such, might perhaps alone account 

he impulse which the spring gives to vegetation. 

in order to explain the mechanism of that o^^ra- 

it has been supposed that the warmth of the spring 

es the vessels of plants, and produces a kind of 

lum, into which the sap (which had remained in a 

5 of inaction in the trunk during tlic winter) rises ; 

is followed by the ascent of the sap contained in the 

ij and room is thus made for fi-esh sap, which the 

s, in their mrn pump up from the soil. This pro- 

J goes on tin* the plant blossoms and bears fruit, 

ch terminates its summer career; but when the 

1 weather sets in, the fibres and vessels contract, the 

es wither, and ai-e no longer able to perform their 

;e of transpiration ; and, as this secretion stops, the 

:s cease to absorb sap from the soil. — If the plant 

in annual, its life then terminates ; if not, it remains 

state of torpid inaction during the winter ; or the 

1 internal motion that takes place is that of a small 

ntity of resinous juice, which slowly rises from the 

n into the branches, and enlarges their buds during 

winter. 

'Airoline, Yet, in evergreens, vegetation must con- 
e throughout the year. 

4r8. B, Yes j but in winter it goe^ oxv \xv ^ Ncrj vkv.- 

A a 
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^EHect manner, compared to the vegcladon 
and summer. i 

We have dwelt much longer on the liblory of R^ 
table chemistry than I had intended ) but wehinU 
length. I think brought the subject to a conciuaon. 

Caroline. I rather wonder that you did not ra 
the account of the fermentations for the concluskoiilf 
the decomposition of vegetables naturally foUows it 
death, and can hardly, it seems, be introduced wilbi 
much propriety at any other period. 

Mrs. B. It is difficult to determine at what piH 
precisely it may be most eligible to enter on the halt^ 
of vegetation; every pan of the subject issoclca4[ 
connected, and forms such an uninterrupted chaJBit* 
it is by no means easy to divide it. Had 1 begun itU 
germination of the seed, which, at first vicwiSKuBB i| 
be the most proper aiTangement, 1 could not hart"" 
plained the nature and fermentation of the secd,Drl 
described the changes which maniu-e must undergftl 
order to yield the vegetable elements. To tmdeW 
the nature of germination, it Is necessary, I liiink, 
viously to decompose the parent plant, in order lol 
come acquainted with the materials inquired Tot *' 
purpose. I hope, therefore, that, upon second i 
ation, you will find that the order which I have 
though apparently less correct, is in tact the botti 
lated for the elucidation of the subject> 



Conversation xX. 

On the Comfioidtion of AnhnaU, { 

Mrs. B. 
\VE are now corrie to the fast branch of chei, 

which comprehends the most camplicated order ofm 
pound beings. This is tlie animal creation, th» U 
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which cannot but escjte the highest degree of curU • 
Uy and interest, though we often fell in altempliDg to- i 
iplain the laws by which it is g 

F.n:i!y. But since allaniinaJa ultimately derive ihcir 
•uri^liment from vegetables, the chemistry of this or- 
I' (if beings must con^st merely in the conversion of 
gelable into animal matter ? 

Mrs. B. Very true ; but the manner in which thia is 
fected, ;s, in a great measure, concealed from our ob- 
VvaUon. This process is called animalizolron, and is 
jformed by peculiar organs. The difference of the 
Smal and vegetable kingdoms does not, however, de- 
xd merely on a different arrangement of combinationa. 
new prindple abounds in the animal kingdom, whicb 
fcit rarely and in very small quantities found in vcg- 
kbles ; ttus is nitrogen. There is likewise in animal 
tjstances a greater and more constant proportion of 
jw^horic acid, and other saljne matters. But thesft 
a not essentia! to the formation of animal matter. ■ 

Caroline. Animal compounds contain then four fun-. ■ 
■itental principles, oxygen, hydi-ogeri) carbone, ai;d, * 

Jirg.B. Yes; and these form the immediate mate^ J 
.^s of animals, which are gelatine, albumen, znAJibrii 
~ETdly. Are those all ? I aro surprised tlial animals.^ 
nuld be composed of fewer kinds.of materials than,! 
^etablcs ; for they appear much more complicated. 1 
their organization. 
-Mrs. B. Their organization is certainly n 
^ and intricate, and the ingretlients that occBBionally 
«er into thejr composition are more numcrouB. But 
■twithstanding the wonderful variety obscrvublo In tli» 
Ktture of the animal organs, we find that the DliginaL ' 
anpounds, from whiclj all the varieties of animal mat^.J 
t" are derived, may be reduced to the three heads juaC 
emioned. Animal substances being the n>o« com 
t<:ated of all natui-al compounda, arc moat caailj' wt 
^tible of decomposition, as the scale of attroctioiU 
^^^ireases in proportion to the number of constituent!. I 
i^eir analysis is, however, both di^cuW. «mi\w^ 
—'i for as they cannot be exaTnitic^yn \Vtw ^wfl 
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State, and are liable to alteration' immedatxif Av 
deuth, it is probable that, when submitted to ^ hm 
ligation of a chemist, they an^ always more or to d* 
tcred in combinaticms aiid properdes, from what thf 
were whilst they made part oi the living aiomal. 

Enafy, The mere diminutioo oi temperature, tU. 
they experience by the prii^uion of anunal hcati Wfk 
I should suppose, be sufficient to derangf^ the oidjnsj 
attractions that existed during &&• . j 

Mr** B. That is one c^.the causes, no doaiit s Nu 
there are many other drcumstances which pi^6*>^| 
from studying the nature of linng ammal buLjlim 
We must therefbre, ma coneoderaUe degree, '"'^^^ 
our researches to the phenomena id thesi 
in their inanimate state. 

These three kinds of animal. matlier, gdadntii 
men, and fibrine, fbnn tlup basis of all the wiom 
of the ammal system; either aolid^ as tbesA^,^ 
nerves^ tnenUfranesy cartilages^ and bones; or fiod^^ 
bloody chyley TnUk^ the gastric and pancreatic juka^ '' 
fiersfiirationy saBva^ tearsj life. 

Caroline. Is it not surprising that so great fi 
of substances) and so different in their nature, 
yet all arise from so few matcri^is, and from diei 
origbal elements ? 

Mrs, B. The difference in the nature of 
bodies depends, as I have often observed to you, 
on their state of combination, than on the matdtt* 
which they are composed.. Thus, in con3ideri9|i; 
chemical nature of the creadon in a genera] poit 
view, we observe that it is throughout composedof a*, 
small number of elements. But when we divide ij 
to the three kingdoms, we find that, in the mincnt^ 
combinations seem to result from the union of elcitf 
casually brought together ; whitet in the vegetabtei 
animal kingdoms, the at'cractions are pecufiaiif 
regularly produced by appropriate organs, whosc^ 
depends on the vital principle. And we may ' 
observe, that by mearisof certain spontaneous! 
and decomposv\ioxvi^, ^<& OiRxwwtfs of one kind rf 
ter become wj^is^^WveivX \a ^'t \8wsi^tc:c«iCk.^ 
so that tVie tVitVi VSav^^^xav%«c^"^E^^ 
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B-constantly contributing lo the preservation 
f»»r. 

£imly. There iS) however, one very 
3ass of elements, which seems (o be confined 
^neral kingdom ; I mean metals. 

JUn. B. Not entirely ; they arc found, ihouuli in 
(cpy minute quantities, both in tlie vegetable and ani- 
nal kingdoms. A small poilion of earth and sulpliur 
Hilers also into the composition of organized IkxIics. 
Phosphorus, however, is almost entirely confined to Ihc 
^nimal kingdom ; and nitrogen, but with few except 
tions, is extremely scarce in vegetables. 

Let us now proceed lo examine the nature of 
Viiree principal materials of the animal system. 

Gdaiine, or jelly, is the chief ingredient of skin, and 
of all the membranous parts of animals, It may bo 
igblained from these substances under the forms of i^luCi 
aze, isinglass, ^d transparent jelly. 

CaroUnf. B|it these are of a very difibrent nature 
ihey cannot therefore be all pure gelatine, * 

Mri. B. Not entirely, but very nearly so. Gluei 
■extracted from the skin of animals. Size is obtiui 
cither from skin in its natural state, or from IvutI 
laJDglass is gelatine piocured from a particular fipci 
of fish ; it ia, you know, of this sulMtancc that 
Soest jelly is made, and this is done by merely dissblt< 
(ng the isinglass in boilipg water, and allowing the so- 
lution to congeal. 

Emily. Th£ wine, lemoni and spices, arc, I >u] 
pose, added only to flavour the jelly f 

Mra. B. Ijtacily so, 

CaroUnt. But jelly is often made (J hartshorn hI 
Ui^s, and of calves' feet ; does these bulwtuiico* t 
tain gelatine .' 

Jtirs. B. Yes. Giolaline may b« ubtitlned from A 

tuoHt any animal substance, as it enters more or 111 

bito the composition of all of them. The proevH of i 
Obtaining it is extremely simple, as it cunsiktii merely 
ill boiling the substance tbiit coiilains it witli wuter. I'ho 
[gelutine dissolves in water, andTn,^^ b<:i>\VUA\\<cA <A wN| 
decree of consistence or 8treiiv!,t,h, b^ c\*\«'C*'iu^^ ^W 
A ix a 
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Bolution. BooAsippardcidftr pioduee itverf pkottb 
ly, as they oonust of phospfaat of lime cxmAhfAm 
cemented by gelatine* Horns wfaieb are a specHil 
bone, vill yield abundance of gelatine. Tbe homitf 
the haitare reckoned to produce gelatihe of the M 
quality ; they are reduced to the ftate of 8h»v9|^i| 
order that the jelly may be more easily e^ttncM^ 
the water. It ijixff bartshom shavings that the jripl 
for invaSda are usually made, a^tbey are of Wjif 
digestion. « 

CaroSne, It appears aingiilar tbatharbtoS) itt 
yields such a powerful in^fedient as ammoid% ^m- 
at the san^ |^me produce so tnild atid insipid t:i|f 
stance as jelly ? 

Mra^ B. And* wbat is move surprising) it iilM 
the gelatine of bones that ammoda is pvQp]aced«*^ 
must observe, howiever, tbat th^ pitx^eases bj i' 
these two substances are obtained from belies «e 
difFerent. By the simple action 6f water, and hea^ 
gelatine is separated ; but in order to procunethei 
monia» or what is commonly called hartshorn, the Mj 
must be distilled, by which means the gelatine is ''^ 
composed, and hydrogen and nitrogen coinluDediD 
form of ammonia. So that the first operation isai 
separation of ingredients, whilst the second * 
ehemicai decompositioii- 

Caroline, But when jelly is made from hartstai 
shavings, what becomes of the phosphat of lime 
constitutes the other part of bones l 

Mrs, B. It is easily separated by straimng' 
the jelly is afterwards more perfectly purified, a 
dered transparent by adding white of egg, wloch 
ing coagulated by heat^ rises to the surface aloog 
«ny impurities, 

Emily, \ wonder th^ bones are not used by the 
mbn people to maJ^e jelly ; a great deal of wl 
nourishment might, I should suppose, be 
from them, though the jelly would perhaps not be 
so good as if made from hartshorn shavings ? 

Mrt^ B. T\i€ie S& ^ Vis;\dof prejudice among M' 
poor against a sp^u!&« ^ Sk^^^e^ \si>ia3!0!^^ "^sosfA"^ 
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a dogs ; and as we cannot expect them to enter into 
emical considerations, it is in some degree excusable, 
(sides, it requires a prodigious quantity of fuel to dis* 
Lve bones and obtsdn the gelatine from them. 
The solution of bones in water is greatly promoted 
" an accumulation of heat. This may be effected by 
•ins of an extremely strong metallic vessel, called 
^n*8 digester^ in which the bones and water are en» 
Ked, without any possibility of the steam maldng its 
-ape. A heat can thus be applied much supeiior to 
It of boiling water ; and bones, by this means, are 
apletely reduced to a pulp. But the process still 
tstimes tix> much fuel to be generally adopted among 
lower classes. 

'Caroline, And why j^hould not a manufacture be es» 
ished for grinding or macerating bones, or at least 
f educing them to the state of shavings, when I 
p^ose they would dissolve as readily as hartshorn 
vings ? 

^rs, B, Indeed I see no objection to this plan, if 
prejudices of the vulgar could be overcome ; but 
» would be a difficult matter, for I have even heard 
fcijected to Papin's digester, that by the use of food 
^ prepared, this flesh of those feeding upon it would 
-^me ossified. 

-Caroline. But tliese prejudiced people might easily 
that the jBesh of dogs, who feed chiefly on bones, is 
ossified. Besides it would not be difficult to con- 

Cie them that the real bony matter, the phosphat of 

'^, is deposited and forms no part of the jelly. 

^miiy. And when jelly is made of isinglass, does it 

Ve no sediment ? 

^rs, B. " No ; nor does it so much i^equire clarify- 
r<» as it consists almost entirely of pure gelatine, and 
^ foreign matter that 5s mixed with it, is thrown off 
^ng the boiling in the form of scum. These are 
^cesses which you may see performed in great per- 
son in the culinary labratory, by that very able and 
^st useful chemist the cook. 

tJaroRne, To what an immense variety of ^uq^^ia&ik 
i^mistry is subservient ! 
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' Emttt/ . It appears, iii tbat respect, 
vantage over most other arts snd sciences -, IiriM 
very often have a tendency to confine Uie imagiii** 
to their own particular object, whilst the pursuilofcto 
istry is so extensive and dii-ersified, that umspni 
general curbsity, and a desii-e of inquiring iniofJiti* 
lure of every object. 

Caroline. 1 suppose that soup is likewise mn^ 
of gelatine; for when cold, it often assumeiiki* 
eistcnceof jelly ? 

Mra. B, Yes ; all soups contain a quantity (J ^ 
tine obtained from meat, and dissolved in waler. » 
the various kinds of portable soups consist j1bb(» 
tirely of concentrated jelly, which, in ordertobtn* 
into soup, reijuires only to be dissolved in water. 

Gelatine, in its solid state, is a semiduclile tnU# 
«snt substance, without either taste or smell— "^f 
exposed to heat, in contact with air and 
swells, then fuses, and finally bums. You maT^j 
seen the first part of tltis operation performed in 
carpenter's glue -pot, 

Caroline. But you said thai gelatine had 
pnd glue has a very disagreeable one. 

Mn. B. Glue b not purely gelatine ; bi 
the smell of which is still more oficnsiv^ 
Eome other particles of animal matter. 

Gelatine may be precipitated from ifs solutionb' 
ter by alcohol. — We ahid! try this experiment nB' 
glass of warm jelly.— i You see that the gelatin ""*" 
by the union of the alcohol and the water, — 
Evdly. How is it, then, tbat jelly i^ flat 
wine, without producing any precipitation ' 

Mrs. B, Because the alcohol contained it 
already combined with water and other ingre^cni 
is therefore not at liberiy tq act upon the jelly w' 
in its teparale smte. Gelatine is sgluble both ' " 
and in alkalies ; the former, you know, ari 
used to season jellies. 

CuroUne. ^toqw% the combinations of gelatine, 

must Wffi. SoT^CX OWt 'AiOtt "jCKl W-TOJses^-^ '" 
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^tlrs. B. True ; but you must obsene that leather 
fc be produced only by gelatine in a membraneous 
:« ; for though pure gelatine and tannin will pro- 
-« a substance chemically similar to leather, yet the 
tiure of the skin is requisite to make it answer the 
- :f ul puiposes of tliat substance. 

M^ht next animal substance we are to examine is al' 
^^en : this, although constituting part of most of the 
imal compounds, is frequently found insulated in the 
Tnal system; the white of egg, for instance, con- 
ts almost entirely of albumen ; the substance that 
Imposes the nerves, the serum, or white part of the 
►tKl, and the curds of milk, are Kttle else than albu- 
rn variously modified. 

In its mos^ simple state, albimien appears in the form 
a transparent viscous fluid, possessed of no distinct 
^te or smell ; it coagulates at the low temperature of 
• 30, and when once solidified, it will never return to 
t fluid state. 

Sulphuric acid and alcohol are each of them capable 
coagulating albunoep in the same manner as heat, as 
am going to shew yibu — 

Emily, Exactly so^ — Pray, Mrs. B. what kind of 
:tion is there between albumen and water ? I have 
imetimes observed, that if the spoon with which leat 
J egg happens to be wetted, it becomes tarnished, 

It is because the white of ^^^ (and indeed albumen 

general) contains a little sulphur, which, at the tem- 
jrature of an egg just boiled, will decompose the 
•op of water that wets the spoon, and produce sulphu* 
tted hydrogen gas, which has the property of taniish- 
ig silver. 

We may now proceed to Fibrine, This is an insipid 
id inodorous substance, having somewhat the appear* 
ice of fine white threads adhering together ; it is the 
jsential constituent of muscles or fle^h, in which it is 
lixed with and softened by gelatine. It is insoluble 
Dth in water and alcohol, but sulphuric acid converts 

into a substance very analagous to.gelatine. 

These are the essential and general ingredients of 
rnmal matter ; but there are oXVver ^V3^i^\»!w;^'^ '^\i^<i^> 
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ugh not peculiar to the animal system, tisuallyl 
' s compaction, such us oils, acidst salu, he. 
|,vfni'«o/ Oil is ilie chief conslitiient of fat i ii iictO' 
n abundancein the cream of nulk, whenreilii 
tuned in the form of butler. 
I .frmVi/. Is animal oil the s^me in its compo^bDnH 
^etable oils I 

Not the same, but very anaUgcus. lit 
Itief diflerence is that animal ofl contains nitrogdifi 
inciple that seldom enters into the coinposiuon rf«! 
jetable oils, and never in so lai-g« a proporiion. 

Thei-e are a few animal acids, that is to say, uiA 
peculiar to animal matter, from which they lire »lid«i 
«xclu&ivdy obtained. 

Theanimal acids have triple hases of hydrogen, M* 
^e, andnitrogen. Someof them ai-e founrl nalite* 
Ipimal matter ; others arc produced during in dcUB» 

ife find ready formed are : 
The bombic add, which is obtained from »lliwonm 
Thefirmic add, from ants. 
The lactic add, from the whey of milk. 
The sfliadc from oil or fat. 

Those produced duiing the decomposiiion of animri 
f substances by heat, are the {tntssic and zoonir acirit^ 
I Trhis last is produced by the roasting of meat, sA 
I gives it B brisk flavour. 

Caroline. The class of animal acids is nol very tb 
[. tenave. 

Mrs. D, No ; nor are they, generally spealuB^ 
' of great importance. The prussic acid b, Ittiink,l)A 
pnly'one sufficiently interesting to require any furthei 
comment. It can be formed by an artificial procesir 
without the presence of any aqimal matter j and it naj 
likewise be obtained from a variety of vegetables, pat" 
Ucularly those of the narcotic kind, such as popples, )■•• j 
rel, Etc. But it is commonly obtained from blood, by 
strongly heating that substance with caustic potaib; 
the alka\i aUtacAsxW adA ^tarci 'iit'^wA, «ai. %«m I 
with it a/irwasial o/Jioinah, "t\QTO."Cw•i>s^aWt tS. ,»3£a« 
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c prussic acid can be obtained pure by meani 
;r substances which have tbe power of separating 
m the alkali. 

lUy. But if this acid does not exist ready formed 
tod, how can the alkali attract it fruni it ' 
re. B. It is the triple bases only of this acid that 
3 in the blood ; and this is developed and brought 
! state of acid, during the combustion. The acid 
fore is &Tst formed, and it afterwards combines 
the potash. 

miy. Now I comprehend it. But how can ihc 
lie acid be ardficially made ? 
'r». B. By passing ammoniacal gas over red hot 
:oal ; and hence we leai'n that the constituents of 
acid are hydrogen, nitrogen, and carbone. The 
first are derived from the volatile alkali, the last 
the combustion of the charcoal, 
iroline. But this does not accord with the system 
;ygen being the indispensable principle of acidity ? 
'ts. B. It is true ; and this circumstance, togeth^ 
ith some others of the same kind, has led several 
nists to suspect that osygen may not be the sole 
;rator of acids, and that acidity may possibly depend 
sr on the arrangrment than On the presence of any 
icular principles . 

proline. I do not like that idea. For if it Were 
ded, all our theory of chemistry must be erroneous, 
frs. B. The objection is yet so new and uncoil' 
ed by common experience, that 1 confess I Aa not 
inclined to distrust the general doctrine of acidifi- 
Mi which we have hitherto adopted. But we have 
yet done with the prussic acid. It has a strong 
ity for metallic oxyds, ai>d procipitutes the solu- 
of iron in acids of a blue colour. This is the prus* 
blue, or prussiat of iron, so much used in the arts, 
with which 1 think you must be acquainted. 
'.rnil'j. Yes, I am ; it is much used in pui"tln(jj:h 
I in oil and in wuier colDura ; but It is not I'cckoilvd ] 
jrniinet oil colour. 

■Irs. B. That defect arises, 1 believe, in gunnrAti] 
"» being badly prepaied, which i&Uwi:»M-«'M 



gw iron k Mt 80 ftAy ofxjrdsfetf «« W i6rm tt f^ 
For a SQludon*^ gtten oxyd- of iita 0ii irl& 
metal is more slightly oxydated) msJces only t 
greeiH ot eveli a vAAi0 'prcclpiUitt?^ with pnipi 
potash; and jdos ^radOaSf chniges to blaft^ 
copModtoUieair^asI ca n iimo iiei ffi fcieTy ^ shew yii 

Gsrollnie^ It already begias to^assQOie- a pil 
ookNiTk Bm how does the air p roduce this chiB| 

Mrm^B. Byozydathigtfae iron mdl« pcrfectl) 
we pour some nitrous acid ocrit, the priisdan fala 
lour will he .IntOBifcdiately product* as the «i 
yield its oxygen to thep««cipitate» and fidly sstu 
with this pnaciple«-aiL you afaalLsee-:^ 

Qarolhu. It is very curious to' seeji cdour di 
so instantaneously. 

Mra. B. Hence you perceive that prussiBn 
cannot be a permanent colour unless prepared 
red.oxyd of irbb) since l^ ^^xposure to the atmoip 
it gradually darkens, and in a short time is do ki 
in harmony with the other colours of the painting. 

QaroHne, But it can never become darker, 1^ 
posure to the atmosphei^^ than the tmeprossiant 
in which the oxyd is perfectly saturated ? 

Mrs, B. Certainly not. But in painting, the 
ist not reckoning upon partial aherations in ho^ook 
gives his blue tints that particular ^ade which ban 
i^es with the rest of the picture. I^ afterwards tl 
tints become darker, the harmony of the colouringi 
necessarily be destroyed. 

Caroline. Pray, of what nature is the paint c 
carTnine ? 

Mrs. B, It IS an animal colour, prepared fiw 
ckineaif an insect, the infusicHi of which produces a 
beautiful red. 

Caroline, Whilst we are on the subject of cd 
I should like to learn what ivory black is ? 

Mrs. B, It is a carbonaceous substance obtak 
the combustion of ivory. A more common spe 
black is obtained from, the burning of bone. 

Caroline. ^mV 4\\\m% ^^^nj^ <:j(ssoh>\istlAu of W 
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one) the carbone I should have imagined^ must be 
onverted into carbonic acid gas, instead of this black 
iibstance ! 

Mrs, B. In this, as in most combustions, a consid- 
rable part of the carbone is simply volatilized by the 
eat, and again obtained concrete on cooling. — This 
olour, therefore, may be called the soot produced by 
le burning of ivory or bone. 



Conftcrtfation xxi. 



On the Aminal Economy, 



Mrs, B. 

\Ve have now acquired some idea of the various ma- 
^sils thai compose die animal system ; but if you are 
c^us to know in what manner these substances are 
^ned by the animal organs, from vegetable, as well 
^zom animal substances, it will be necessary to have 
^e previous (knowledge of the nature and functions 
^ese organs, without which it is impossible to form 
1^ distinct idea of the processes of anivnUixition and 
^ritign, 

<3aro6'w. I do not exactly understand the meamng 
^e word animalization ? 

-Mrs, B, Animalization is the process by which the 
^ is assimUated^ that is to say, converted into animal 
^tter ; and nutrition is that by which the food thus 
^imilated is rendered subservient to the purposes of 
Virishing and maintaining the animal system. 
JB^inily, This, 1 am sure, rtiust be the most inter- 
ting of all the branches of chemistry. 
Caro&ne. So I thmk ; particularly as I expect that 

Bb 
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we shall hear somethmg of the nature of respiration I 
and of the circulation of the blood ? I 

Mrs, B. These functions undoubtedly OQCupf I I 
most important place in the history of the animal eofr I 
omy. — But I must previously ^ve you a very short » I ^ 
count of the principal organs by which the various o|X- 1 
rations of the animal system are performed.— Thes I 
arc : I . 

The Bonesy I • 

Muaclesy I ^, 

Blood vesselsy I 

JLymtihatic vesselsj I 

Glandsi and I ^ 

J^ferves, I ,, 

The bones are the most solid part of the animal fiwft I u 
and in a great measure determine its form and (liii» I ^^^ 
sions. You recoUect, I suppose, what are theinpj ^ 
dients which enter into their composition ? ■ 

Caroline. Yes; phosphat of lime, cemented bjrf 
latine. 

Mrs. B. During the earliest period of animal B 
they consist almost entirely of a gelatinous membitf 
of the form of the bones, but of a loose spongy text* 
the cells or cavities of which are destined to be W 
with phosphat of lime ; it is the gradual acquisiwi' 
this salt which gives to the bones their subsequent!** 
ncss and durability. Infants first receive it from 4* 
mother's milk, and afterwards derive it from all ariP 
and from most vegetable food, especially fenMce* 
substances, such as wheat flour, which contain J^^ 
sensible quantities. A portion of the phosphat afttf'^l di 
boiies of the infant have been sufficientiy expanded'l «|^ 
solidified, is deposited in the teeth, which consi^*l\ 
first of only a gelatinous membrane or case, fitted M ^ 
the reception of this salt ; and which, after acq\iW| c 
hardness within the gum, gradually protrude from* 

Caroline, How very curious this is : and hovin?', 
niously nature has first provided for the solidificaB»« 
such bones as are immediately wanted, and aftcnni* 
for the formation oi the teeth, which would not only ^ 
Useless, bvw. dcU\rcvcvAa\\\:kSx&«s\<c,^ \ 
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Wr«. B. In quadrupeds the phosphat of lime is de- 
bited likewise in their horns, and in the hair or wod 
h which they are generally clothed. 

b) birds it serves also to harden the beaks and the 
Us of their feathers. 

When animals are arrived at a state of maturity, and 
sir bones have acquired a sufficient degree of solid- 
I the phosphat of lime which is taken with the food 
eldom assimilated, excepting when the fen^le nour- 
?s her young ; it is then all secreted into the milk^ 
provision Iot the tender bones of the nursling. 
ZTrdly, So that whatever becomes superfluous to 
t>eing, is immediately wanted by another ; and the 
i acquires strength precisely by the ^ecies of nour- 
nent which is no longer necessary to the mother, 
are is, indeed, an admirable econombt ! 
czroline. Pray, Mrs. B. does not the disease in the 
'Sof children, called the rickets, proceed from a 
-lency of phosphat of lime ? 

^rs. B. I have heard that this disease may arise 
^ two causes ; it is sometimes occasioned bv the 
^^th of the muscles being too rapid in proportion *to 
of the bones. In this case the weight of the flesh 
^ater than the bones can support, and presses up- 
'^em so as to produce a swelling of the jokits which 
^ great indication of the rickets. The other cause 
^is disorder is an imperfect digestion and assimila- 
^f the food, attended with an excess of acid, which 
^teracts the formation of phosphat of lime. In both 
^^ces, therefore, care should be taken to alter the 
i*& diet, not merely by increasing the quantity of 
^ent containing phosphat ef lime, but also by avoid- 
^11 food that is apt to turn acid on the stomach unil 
^uce indigestion. But the best preservative against 
^plaints of this kind is, no doubt, good nursing | 
^n a child has plenty of air and exercise, the digcs* 
k and assimilation will be properly performed, no 
d will be produced to interrupt these functions, and 
muscles and bones will grow together in just pro* 
lions. 
'^^oUne. I have often heard the ricketA ^llt\\»x\ftd M^ 
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bid iHirsini", but I never could bi¥c gucswdnf 
necuon ilicrc was between exerebe and ihe in 
(if the boiics. 

Jifr*. B. Exercise is generully benefiojlwiUll 
animal fuiiciions. If man is desdnedtolalwultrl 
subiistcnce. the brcod which he eama is swrcdjab 
esseniial to his health and preservotioit [hunttitUl 
lions by whii:h he obtains it. Those nhomdiea 
fortune have placed above the necessity of bodiljlw 
UK compelled to take exercise in some mode cnaH 
am! when tlicy cannot cwiverl it into an amiMM 
they must submit to it as a task, or their liaiA< 
soon ^pericnce the cflects of their indolecce, 

Emily. That will never be my case; fortiw 
unless il becomes £itigue. always ^ves me ^"1^ 
and, so for from being a task, b to me a soucserfl 
ty enjoyment. I often think what a blestbg^i^l 
exercise wlucb is so conducive to health, ^kouUh 
delightful, whilst fatigue which is rather hurifoli 
BieaJd of pleasure occasions paiaftd sensations. So 
fatigue, nodoubt, wasiiitendcd lo mode riitc_ out h 
exertions, as satiety puis a limit loour appclitei! 
Mra.B. Certainly^— But let tis not deWiteW 
from our subject.*— The bones are connecwil 'og( 
by ligaments, which consist of a while thick flti 
■ubatance, adhering to tlieir extremities, so &ri 
secure tbc joints firmly, though without impediM 
moii<H). And the joints are moreover coveiw 
solid smooth, Mastic, while substance, called tO* 
the use of which b to allow, by its smoothness Bid 
ticity, the bones to slide eaeily over one another,! 
the joints may pei'form tlieir oflice without d>Sct 
detriment. 

I Over the bones Ihe muse/cff are placed ; iheyl 

of brindlea of fibies which terminate in a kind rfi 

I or ligament, by which they are fastened to ih* 

L The muscles are the organs of motion ; by ihdr 
of dilatation and contraction they put itito >ct) 

|< bones, which act as leavers ia all the motions 

Lbody, and form the solid support of its vaiioui 
The mtific^ea ue <A \u»:N&^^«n^^^^^j|tf 
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nee in difTerent species of animals. The mammif- 
3 tribe, or those that suckle their young, seem ia 
Tespect to occupy an intermediate place between 
> and cold-blooded animals^ such as reptiles and. 
s. 

*7dly. The different degrees of firmness and so* 
' in the muscles of these several species of ani-^ 
proceed, I imagine, from the different nature o£ 
<>od on which they subsist ? 

^Ts. B, No ; that is not supposed to be the case : 
le human species, who are of the raammiferous 
9 live on more substantial food than birds, and yet 
latter exceed them in muscular strength.— We 
hereafter attempt to account for this difference ; 
et us now proceed in the examination of the animal 
dons. 

he next class of organs is that of the vessels of the 
, the office of which is to convey the various fluids 
aghout the frame. These vessels are innumera- 
The most considerable of them are those thro' 
h the blood circulates, which are of two kinds : 
rteries^ which convey it from the heart to the ex- 
ities of the body, and the veinsy which bring it 
into the heart. 

sides these, there are a numerous set of small 
parent vessels, destined to absorb and convey dif- 
t fluids into the blood ; they are generally called 
haorbent or lymphatic vessels : but it is to a portion 
em only that the function of conveying into the 
the fluid called lymfih is assigned. 
azVy. Pray what is the nature of that fluid? 
rs. B, The nature and use of the lymph have, I 
ve, never been perfectly ascertained ; but it is sup- 
i to consist of matter that has been previously an- 
zed, and which, after answering the purpose f'*"' 
h it was intended, must in regular rotation * 
For the fresh supplies produced by nourisl 
lymphatic vessels pump up this fluid frona 
)f the system, and convey it into the veim 
d with the blood which runs through then 
I i^.commoTAy called venous blood. 

Bb 2 
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CurQfftr. But docs it not again tmerimo' 
,al system lliiougb that channel ' 
Mr*. B. Not eniircly ; for ihc vcnons bl 
Hoi Kturn into the circulation until 
peculiar cliunge, in wliich itthrawsoff wtatei 

Another set of nbsorbcm vessels pump 
from the siomuch and inicslines, and convey 
tiiany circumvolutions, into tht great «e' 

F.ualy, Pray what is chyle ? 
Mr». jB, It is the substance info which 
vetted by digestion. 

Otmlinc. One set or the absorbent % 
ia employed in bringing away the old mat 

tit for use ; nbiht the other 
in conveying into the blood die ^e^y nialei 
to replace them. 

What a great variety of ingrcilieitt! 
£mei' into the composition of llie blood ! 

Mra. B. You niusi observe thai there is ulso a)f* 
variety of substances to be secreted from it. We of 
inl^are the blood to a general receptacle ei ffl 
house for all kinds of commodities which are afer^ 
fasliioiied, arranged, and disposed of as circumitdV 
require. 

There is another set of absorbent vesseb in ^SSM, 
which is destined to secrete niilk for the DOuiynB 
of the young. 

Emity, Pray is not milk very aitalogous in to «• 
portion to blood ; for, since the nurskjng deriml 
nomishmcnt from that source only, itraustconubfli! 
ry principle which [he animal syslem requires ? 

Mrs. B. Very true. Milk is found, by its wi^ 
to contain all tiie principal raaietials of aniniid B* 
gelatine, albumen, oil, and phosphat of lime i nil 
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:::olIected together in little bondtes called gtanrfi^ 

a LutJii woi-d meaning ceorn, on account of thft J 
nbUnce which some of Idem beur in shape to that I 
, The funciion of the glandi^ b to » 
cenitin matters fi-ona the Wood, 
lie seci'etiotis are not only meclianicnti but chemi* I 
operations from th« hlood; farthe substances thu4 1 
.cd, though contHiQed in the blood, are not readjr J 
Isined ill that fluid. The secretions are of twor I 
3, those which form peculiar Miimal fluids as lAle,, i 
■9 saliva, 8cc. and those which produce tlie general 
^rtab of tbe iinijaal systeni, (or the pui^sc of re- 
Xng aud Doiuisl^ing the seveinl organs of tlie iMxly ;, 
as ulbumen, gelatine, and librine ; the latter n>ay 
islinguishcd liy the name of «u ' * 
Proline. 1 am qwte astonished to hear tliat all lh% '■ 
cttona should be derived from the blood, 
?«iVy. I thought that the bile was prodticod by tb» I 

Wr». B. So it is J but the liver is nothing more xhsm I 
Vy large gland, which secretes the bile &oin ths j 
■tl. 

'he last of the animal organs ^vliich we have raen> 
ed are the ncn^es i these are the vehicles of sensft--l 
t every other patt of the body being, of itself totally J 
nuble. 

'.^ffotine. Tlicy must then be spread thTOiighotiS, 
i-y pait of the frame, for we are every where su*-. 
tihle of feeling. 

Cmily. Escepdng the nails and the hair. 
•v^i'j. S. And those are nlmosl the only parts 
tch nerviis cannot be discovered. The 
rce of all t!ie nerves is the brain ; thence they de- 
nd, some of them through diHerent holcB of tlie 
K, but the greatest part through the back bone, and 
&nd themselves by innumerahleramiticaiionsthrough- 
the whole body. They spread tliemsclves ovf 
muscles, penetrate the glands, wtnl round l)ie > 
Kit system, and even pieix^e iiilo the interior cJ 
ica. It is most probably throni5h\\\eHv\'cia\ftvct 
' on between i\\c nvmi ^>»£v v'Wi 
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KT parts of ihc body ; but in whal rnannor theym 
eil upot) by the miEid, and made to re-act on ihct«4t 
Is siilt a profound secret. Many hj-pothcses tarete 
formed on this very obscure subject, butibcynt'l ' 
equally improbable) and it would be useleu is aN 
waste our time in conjectures on an inquiry *ioiik 
all probability, is beyond the reach of buman ajaa^ ' 

Caroline. But you have not mentioned lh(»| 
tJcuIar nerves that form the senses of heaiJngi 
mnielliiig, and tasting t 

Mrt. B. They are considered as being of thew 
nature as those which are dispersed over every ;ii*| 
the body, and constitute the general sense of S*fi(I 
The dificrenl sensations wlijch they produce wittW 
their peculiar situation and connection with (Jie hM 
organs of taste,' smell, and hearing. 

Emly. But these senses appear totally diSfcreilW 
that of feeling I 

Mf». B. They are, all of them sensations. W 
rioiisly modified acconling to the nature of ibci^^ 
organs in which the nerves are situated. FflTt * 
have fonncrly observed, it is by contact only iti 
nerves are affected. Thus odoriferous partKls' 
strike upon the nerves of the nose in orderwa 
the sense of snjelling, in the same manner iMI 
is produced by the particular substance coming il* 
tact with the nerves of the palate. It is thusito' 
the sensation of sound is produced by the mucus* JJw: 
the air striking aK;\inst the auditory nerve j B&i ™i 
is the effect of the light falling upon the ojMkW 
These vatious senses, therefore, are affected '^' 
the actual contact of particles of matter, in ^• 
manner as that of feeling. 

The different organs of the animal body, Unw^J 'l^' 
sily separable and perfectly distinct, arc ioosttj'*^ " 
nccted together by a kind of spongy subf^tnri 
ture somewhat resembling net-work, t.:' 
lar membrane ; and the whole is coir ■ 
The«tin, as well as the bark of vts'. 
ed of Hivee coWla. 'YVo c^jtrwiui^e U 
c/Ci or c/uderiTM ; \Vc *J£W«A, VkuAv" 
CoiM wCTn6r(uie> ts ol v>^i»»^'i^-' 
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nccms BubstRiice, nhich b negroes is black, and h 
cause of their skin appearing of ihal colour. 
Zarolme. Is then the CKtornal skin of negroes nhital 

*S-a. B. Yes ; but as the cuticle is transparent, a9> 
i as poriiis, the blackness of the mucous membratie- 
t^ls Ihmiigh it, The extremities of the nerves atv, 
sad over the skin, so that the sensation of feeling i>' 
emitted through the cuticle. The internal 
of the muscles, which is properly the skin, is tiift 
Cest, the toughest, andmost reasiingof the whoto: 
is thi« nncmbi'anc that is so essential in the arts, by^' 
ii»ig leather when combined with tannin. 
he skin which covers the animal body, as well as 
a membranes that form the couls of the vessels, 
Ksl almost exclusively of gelatine ; and are capable 
sing converted into glue, size, or jelly. 
y%K cavities between the muscles and the skin are 
Hy filled with fat, which lodges in the cells of the 
sbranous net before mentioned, and gives to the 
»Tial form (especially in the human figure) that 
-clness, smoothness, and sofinessi so essential to 

'fiilr/. And (Jie skin itself b, I think, a very nma* 
ibl part of the human fi-ame, lioth from the fineaq 
S texture, and the vaiiely and deficacy of its tinta, 
^rs. B. This variety and harmonious gradation of 
Virs, proceed, not so much from the skin iMelf, as 
» the internal organs which transmit their several 
Virs through it, these being only softened and blen» 
ty the colour of the skb, which is uniformly qf a 
Qwiah white. 

'*hus modified, the darkness of the vejns appears of 
tile blue colour, and the floridness of the arteries is' 
nged to a delicate pink. In the most transparent- 
:s, the skin exhibits ttie bloom of the rose, whiltti 
tre it is more opaque its own colour predominates; 
at the joints, where the bones are most prominent, 
ir whiteness is often discernible. In a word, every 
t of the human frame seems to contribute to its ex 
b|fc|^ce; and tliis not mereA^ b-j i^^aiw^^a'f, 
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pleasing variety of tints, but by a peculiar Idnd of beau* 
ty which belongs to each individual part. Thus it k 
to the solidity and arrangenxent of the bones that the hu- 
man figure owes the grandeur of its stature, and ili 
firm and dignified deportment. The muscles deHoeate 
the form, and stamp it with energy and grace ; and the 
soft substance which is spread over them smooths thdr 
ruggedness, and gives to the contours the gentle wr 
dulations of the line of beauty. Every organ of saa 
is a peculiar and separate ornament ; and the skioi 
which polishes the surface and gives it that chamd 
colouring so inimitable by art, finally conspires to its' 
dor the whole the fairest work of the creation. 

But now that we have seen in what manner theaD* 
mal frame is formed, let us observe how it pronda 
for its support, and how the several organs, whB 
form so complete a whole, are nourished and mamtafr 
ed. 

This will lead us to a more particular explanation c{ 
the internal organs : here we shall not meet vith » 
much apparent beauty, because these parts were aX 
intended by nature to be exhibited to view; but lb 
beauty of design, in the internal organization of i1k 
animal frame, is, if possible, still more strikmgtta 
that of the external part. 

We shall defer this subject until our next interviet. 
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I 

Contteneiation xxn. 

On ArdmaUzaHon^ JVutriHoriy and Respirationx 



Mrs, B. 

Wb have now learnt of what materials the animal 
btem is composed, and have formed some idea of 
ft nature of its organization. In order to complete the 
sject, it remains for us to examine in what manner 
s nourished and supported. 

Vegetables we have observed, obtain their .nourish* 
snt fi'om various substances, either in their elementa- 
^ state, or in a very simple state of combination ; as 
?bone, water, and salts, which thev pump up from 
3 soil ; and carbonic acid and oxygen, which they 
aorb from the atmosphere. 

Animals, on the contrary, feed on substances of the 
38t complicated kind: for they derive their suste* 
Bice, some from the animal creation, others from the 
Hetable kingdom, and some from both* 

CaroUne. And there is one species of animals^ 
iicb, not satisfied with enjoying either kind of food in 
simple state, has invented the art of combining 
sm together in a thousand ways, and of rendering 
len the mineral kingdom subservient to their refine* 
snts. 

Mrmly. Nor is this all ; for our delicacies are col- 
2ted from the various climates of the earth, so that 
ft four quarters of the globe are often obliged to con- 
bate to the preparation of our simplest dishes. 
Caroline, But the very complicated substances which 
t^stitute the nourishment of animals, do not, I sup- 
^, enter into their system in their actual state of 
i^bination. 

Af7«. J3, So fiar from it, that they not only undergo 
^ew arrangement of |)ieir parlS) bvL\. ^ ^Oi^cVkssew ^a* 
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Blade tjf such as are most proper for U 
o\ the txxly, Kiul those only euier iiuo it 
u« uiiinializeil. 

Enaly. Ami by whut organs & this pM 

flfrg. B. Chiefly by the stomacbi 
gan of (iigeslion, and the prime regi 
mal frame. 

Digesihi! is the first step towanls imln 
&isls in reducing into one homogem: 
Qus eubfitancea th^it aru taken as n 
performed by first chewing and mining the* 
ment with (he saliva, which TeUitces it to a ■^ 
in which slate it is conveycil inio the si 
il is more completely disaolvedby thefuM 

This fluid (which is secreted Into t 
appropiiatc glands) is so powerful a aolvfl 
Iji any substances will resist its action. 

M'niiy. The coats of the stomach hovent 
be attacked by it, oihcvwise wc should be Ind 
having them destroyed when the stomach wm 

Mrs. B. They are probably not si^ 
tion ; as long at least as life continues, 
tliut when the gastric juice has no forei^ 
act upon, it is capable of occa^ning a d( 
tbn in the coats of the stomadi, whichV 
ecnsatkm of hunger. The gastrio juka fl 
the heat and muscular action of the s 
the aliment into a uniform pulpy mi 
This passes into the intestiues, where \ 
the Ulc and some other fluids, by the a 
and by the operation of other causes hitH 
the chyme Is changed into chyle, 
stance, somevrhat resembling milk, whicli-l- 
up by immense numbers of small abwrbeitl 
spread over the internal surface of the iiitcatine! 
sd'ter many circumvolutions, gradually nieetti 
into large branches, till ihcy at length collect I 
into one vessel, which pours !ls contents into' 
vein near the heart, by which means ( 
prtpaveA, enXct'i'm'ua'IcvccKoi^ya, 
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aroHne, But I do not yet clearly understand how 
Dlood, thus formed, nourishes the body and supplies 
he secretions. 

frs, B. Before this can be explained to you, you 
rt first allow me to complete the formation of the 
•d. The chyle may indeed be considered as form- 
the chief in^edient of blood ; but this fluid is not 
Tect until it has passed through the lungs, and un- 
done (together with the blood that has already cir- 
wted) certain necessary changes that are effected by 
Miration. 

'aroliTie. 1 am very glad that you are going to ex- 
a the natui^ of respiration : 1 have often longed to 
Jrstand it, for though we talk incessantly of breath- 
I never knew precisely what purpose it answered, 
&•«. B, It is indeed one of the most interesting 
esses imaginably; ; but in order to understand this 
tion well, it will be necessary to enter into some 
ious explanations. Tell me, Emily, what do you 
'rstand by respiration ? 

fnily. Respiration, I conceive, consists simply in 
nately insfdring air into the lungs, and exfiiring it 
^ them. 

^«. B. Your answer will do very well as a gener- 
'finition. But, in order to form a tolerably clear 
>n of the various .phenomena of respiration, there 
nnanv circumstances to be taken into consideration. 

I the first place, there are two things to be distin- 
hed in respiration, the mechanical and the chemical 

of the process. 
he mechanism of breathing depends on the alter- 

expansions and contractions of the chest, in which 
Ivings are contained. When the chest dilates the 
ty is enlarged, and the air rushes in at the mouth, 

II up the vacuum formed by this dilatation ; when 
^tracts, die cavity is diminished, and the air for- 
out again. 

Proline. I thought that it was the lungs that con- 
ted and expanded in breathing I 

^ra, B» They do likewise ; but their action is orv- 
he consequence of that of the cVv^^X. TYv^\mw'^^ 
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together irith&e heart and thelargHtUni 
in a manner fiD np the cavltj of tfie dint) fk 
not» therefixef duate if the chest did not pmio 
{land ; andf on the other hand, when the ch 
tnctsy it compresses the lungs and fixcei dv 
of them* 

■ 

CoroSne. The Itmgs, thei^ are like bdk 
the chest is the power tint ivorks them. 

Jlfrs* jB. - Precisely so. Heie isacmm 
^;ure {JHtte HI. Bg 39), that will asust mem 
ing the mechamsm of breathing. 
. QttvSne. What a droll figore I a little k 
upon a glass bell, with a Madder ded orertb 
oftt! 

Mh, jB. Yoa must oibaerve that there ii 
bladder vdthin the glass, the neck of vlucho 
cates with the mouth of the figur&'-^lmiepR 
hmjgs contained within the chest ; the otter 
which you see is ded loose, represents a 
membrane, called the diafikragm^ which sep 
chest from the lower part of the body. By 
therefore, I mean^ that large cavity in the v 
d the body contained within the ribs, the i 
the ^aphragm ; this membrane is muscular 
ble of contraction and dilatation. The contn 
be imitated by drawing the bladder tight o? 
tom of the receiver, when the air, in theblai 
represents the lungs, will be forced out tb 
mouth of the figur&^ 

Emily. See, Caroline, how it blows the fi 
candle in breathing I 

Mrs. B. By letting the bladder loose 
imitate the dilatation of the diaphragm, axM 
of the chest being enlarged, the lungs expai 
air rushes in to fill them. 

Emily. This figure, I think, gives a vcr 
of the process of breathing. 

Mrs. B. It illustrates tolerably well tl 
the lungs and diaphragm ; but those are i 
powers; vVval are concerned in enlarging or 
the Cavity o£ vYve c\xtaX\ >i}Ckfc \^^ ^\^ ^^Sok^ i 
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lar motion for the same purpose ; they arc aft 
drawn in edgeways to assist the contraction, 
tched out, like the hqops of a barrel, to con- 
> the dilatation of the chest. 

I always s\ipposed that the elevation and 
)n of the rius were the consequence, not the 
f breathing. 

B, It is exactly the reverse. The muscular 
the diaphragm, together with tliat of the ribs, 
:au8e8 of the cont.rafction and expansion of the 
nd the air rushing into, and bping expelled 
lungs, are only consequences of those actions. 

>i€, I confess that I thought the act of brcath- 
n by opening the mouth for the air to rush in, 
it was the air alone, which, by alternately 
in and out, occasioned the dilatations and con- 
of the lungs and chest. 

B, Try the experiment of merely opening 
uth ; the air will not rush in, till by an interior 
taction you produce a vacuum — yes, just so, 
^hragm is now dilated, and the ribs expanded, 
will not be able to keep them long in that state, 
gs and chest are already resuming their former 
d expelling the air -with which they had just 
id. This mechanism goes on more or less 
but in general, a person at rest and in health 
the between fifteen and twenty-five times hi a 

lay now proceed to the chemical effects of ros- 
; but, for this purpose, it is necessary that you 
reviously have some notion of the circulation of 
1. Tell me, Caroline, what do you undcr- 
the circulation of the blood ? 

ne. I am delighted that you come to that sub- 
it is one that has long excited my curiosity. — 
[inot conceive how it is connected with respim- 
he idea I have of the circulation is, that tlio 
IS froni the heart through the veins all over the 
d back again to the heart. 
B. I could hardly have expected a better dc» 
rom you J it iS| however, not quite correct^ 
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for yovi do not dislinguish the arteries from the :•«?«, 
which, as \ve have already observed, are twodisuxt 
«cis of vessels, each having its own particular functt» 
The anerics convey the blood irom the heart to the «• 
t vcinilics of tlic body ; aiid the veins bring it back to ibe 
heart. 

This sketch will give you an idea of the mamier k 
wliich some of the principal veins and arteries o4 tbe 
human body branch out of the heart, which may Ik 
considered as a common centre to both sets of vesek 
The heait is a kind of strong elastic bag, or musdi' 
cavity, which possesses a power of dilating aodofr 
tructing itself, for the purpose of alternately reccifl? 
and expelling the blood, in order to carry on the p 
cess of circulation • 

Junily, Why are the arteries in this drawing pMct' 
ed red, and the veins purple ? 

Mrs, D, It is to point out the difference of the co- 
lour of the blood in these two sets of vessels. 

Caroihie. But if it is the same blood that flows fma 
the arteries into the veins, how can its colour be cJua- 
god ? 

Afr.1. B. This change arises from various circuD' 
stances. In the first place, during its jxissage threa?k 
the arteries, tlie hloocl undergoes a considerable alicr- 
ation, some of its constituent parts being gradually «• 
T)aratcd from it for the purpose of nourishing the bc^)- 
luui of sui)plying the various secretions. The cotW' 
quence of this is, that the florid arterial colour of tit 
blood changes by degrees to a deep purple, viliichi: 
its constant colour in the veins. On the other haiJi> 
the blood is recruited during its return through ifat 
veins by the fresh chyle, or imperfect blood, vhicli 
has been produced by food ; and it receives also lymp 
from the absorbent vessels, as we have before mcntio:^ 
ed. In consequence of these several changes, I'lt 
blood returns to the heart in a state very different froa 
that in which it left it. It is loaded with a greater p:^ 
portion of hydrogen and carbone, and is no lonirf- 
fit for the nourishment of the body or other purposes V 
«^irculaUon. 
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^mly. And in this state does it mix in the heart 
nith the pure florid blood that runs into the artcnes \ 

Afrs, B, Nq. The heart is divided into two cavities or 
SOtnpartitions, called the right and left ventricles. The 
left ventricle is the reccpticle for the pure arterial 
blood previous to its circulation ; whilst the venous, or 
impure blood, which returns to the heart after having 
^rculated) is received into the right ventricle, previous 
io its purificatipn, which I shall presently explain. 

CaroUne. For my part, I always thought that the 
■ame blood circulated again and again through the bo- 
fly, without undergoing any change. 

Mrs, B. Yet you must have supposed that the 
t>lood circulated for some purpose ? 

Caroline. I knew that it was indispensable to life, 
but had no idea of its real functions. 

JMr*. -5. But now that you understand that the blood 
conveys nourishment to every part of the body, and 
supplies the various secretions, you must be sensible 
that it cannot constantly answer these objects withoiijt 
l^ing renovated and purified. 

Caroline, But does not tlie chyle answer tliis pur- 
pose ? 

Mrs, B. Only in part. It cenovates the .nutritive 
principles of the blood, but does not relieve it from the 
superabundance of hydrogen and carbone v/ith which 
iX is incumbered. 

Emily. How then is this effected ? 

Mrs. B. By Respiration. This is one of the 
grand mysteries which modem chemistry has disclos- 
ed. When the venous blood enters the left ventricle 
pf the heart, it contracts by its muscular power, and 
^rows the blood through a large vessel into, the lungs, 
which are contiguous, and through wliich it circulates 
by millions of small ramifications. Here it comes in 
contact with the air which we breathe. The action of 
the air on the blood in the lungs is indeed concealed 
from our immediate observation ; but we arc able to 
form a tolerably accurate judgment of it from the char>- 
ges wliich it effects not only in the bloocl, but also cfi 
Ith.e air expivGd, C c ^ 
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T\M fliris fi>and to contain all the nilingcn 
Hit 10 bave lost part of its oxyp;en. and bi ham mjA 
1 a poition of watery vapour. Ueoce It is iaIbMi 
A when the air comes in conUct wiUi ibe 
. d in the lungs, the oxygen attracts from itiliM* 
^Eibuiuliuit quunuty of hydragcn and i^rbcne itt 
^id) it has iuiprcji^atcd Usctf during; i1<t- i-i^'CKls^ir 
,_M that one pail of iliai oxygen conii i 
rdrogcn, iu ilie form of walciy \-af.oi 
I £an oocabiues witli the carbonc, wlik : 
^^rlionic add. The whole of tbcsii 

nespired, thebloodis resioi-ed to its fi>imLTii"T, 
iat is, to the Btat« of arterial blood, and is tluit^ 
tabled to perform its vaHOiis fiinclious. 
'fCai-olmt. Tbis is truly wonderful 1 Of allllitt* 
■ve yet learned, 1 do not recollect any tiling ihit b 
Bpeared to me so curious and iniercsting. 1 slid 
Jtlieve that I should like to study anatomy now, iha^ 
l^haTc hitherto had so disgusting an idea of ii. ft*l 
3 whom ai-e we indebted for these beaiilii'ul iHxm 

I Mrs. B. Crawfoi-d, in this country, and lavenilt 

t'rance, are the prindpal inventors of ibe thnrf* 

l9[uratioii. But the slill more important and oKKClt 

Arabic discovery of the circulation of the blood rt 

kiade long before by -oiir immortal countiyman, Henf 

f £mh/. Indeed I never heard any^ thing lla ^ 

ighled me so much as this theory of respiration, W 

Ihope, Mrs. B. that you will enter a little mora *• 

n^articulara before you dismiss so iniereBting a SUtfM 

^ We left the blood in the lungs to undergo the «di«f 

It^ange. But how doesitdieuce spi-ead loall tbcpH 

^ Jpf the body .^ 

.B, After circulating through the ._ 
is collected into four large vessels, hf' 
i conveyed into the left ventricle of the heart, 
. R is propelled to all the different parts of the " 
large arleiy which gradually ramifies luio niiUiiHl 
small arteries through llie whole frame. Froni ihet*. 
tremities of these litde rantilicatians the blood is 
nutted to fce 'sems, -«\i\<ii Vatim^ k boick to iJie 
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Jtig^ to go raund again and again in the manner 

pc just described. You see, ihereforc, that the 
i actually undergoes tuo circulaiions ; the one, 
kh the lungs, by which it is converted into piu'« 
1 blood ; the other, or general circulation, liy 
I nourishmeut is conveyed to every pan of the 
f Mid these are both equally in^spen^jble (■> the 
rt of aninuil tifc. 

Do we expire all the air that 
b the addition of hydrogen and carbone wliich 
■ lip from the blood ? 

Yes, excepung small portions of the oxy* 
gen, and of <be nytrogcn, wliJch, as they do not reap- 
peari arc supposed to be absorbed by tbe blood for 
BOtne purposci which hiive not yet been clearly ascer- 
tained. The genera] opinion, howevcri with regard 
BD OX-ygcn, is, that it sen-es to stimulate the heart unci 
kce[) up its muscular action. As to the lutrogcn, it 
-, .10 supposetl lobe expired from the Ian gs, without any 
...nge or diminution. But it was proved a few years 
.1, by some of Mr. Davy's ex[)criinents which have 
.n Mnce coiihrined by those of professor Plafl" of 
..;1. that a small quanUiy of nitrogen disappears %. 
ipiration, and combines with the system * ~' 

L.^Libis not yet well understood. 
Kmily. But whence proceeds th^ hydrogen andi 
•w. with which the blood is impregnated when it coi 
I M the lungs i 

I^Im. B. Both hydregeii and carbone exi 
I I proportion iti blood than in organized animal mat 
'i lie blood, therefore, after supplying its various 
crttiona, becomes loaded iwth an excess of tliese _ 
. iplcs, wlrich is carried off by respiration. But, 
liidea this, the formation of new chyle affords a constant 
tbupply of carbone and hydjTigcn. 

Caroiine, Pray, how does the iur come in conlacC 
with ilie blood in the hjngs.' 

Mrs. B. I cannot answer this question withottt en- 
tciing mto an explanation of the nature ..nd structure 
(jf the lungs. You recollect that llic venous blood on 
' ' iijij expelled .fiom t!ic rjghl w.entiiclc, itatftVi ** 



lungs to go thix>ugh what we may call the lea 
lation ; the large trunk or vessel that conveys 
ches out, at its entrance into the lungs, into a 
number of VC17 fine ramifications.— .The \ 
which conveys the air fi<om the mouth into tl 
likewise spreads out into a corresponding nu 
air vessels, which follow the same course as t 
vessels, forming millions of very minute air 
These two setts of vessels are so interwoven as 
a sort of net-work, connected into a kind of 
mass, in which every particle of blood must nee 
come in contact with a particle of air. 

CaroSne, But since the blood and the air i 
tained in difiereut vessels, how can they come ii 
tact? 

Mrs, B, They act on each other through the 
brane which forms the coats of these vessels ; 
though this membrane prevents the blood and t 
from mixing together in the lungs, yet it is no ir 
ment to their chemical action on each other. 

Jiniilij. Are the lungs composed entirely of 
vessels and air vessels ? 

Mrs, B, I believe they are with the addiuo 
of nerves and of a small quantity of the celluli 
stance before mentioned, \vhich connects the ^Yh 
to an uniform mass. 

Emily, Pray, A\hy arc the lungs always spc 
in the plural number ? is there more than one ? 

Mrs, B. Yes ; for though they form but one 
they really consist of two compartments calle( 
which are enclosed in separate membranes 
each occupying one side of the chest, and being 
contact with each otlier, but without commui 
together. This is a beautiful provision of na 
consequence of which, if one of the lobes be w 
the other performs the whole process of respir 
the first is healed. 

But, before we proceed furthci', I must info 
that the chemical theory of respiration, will 
you have just been made acquainted, simple ar 
tiful^s it is, has appeared to many philospJiei 
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lent to explain all (he phenomena of re9iMni6alb<fl 

nuiigst the various modificaUons proposed, with ^ J 
>% [o improve this theory, that &uggBSte<l hy t/ffU 
n^c, Kussenfriiiz, and some otlici' eminent cheubfl 
:, 'pears to be the most important. These philo^|9 
I :i suppose that the ox)-gcii, which disappears i%9 
I . .itiun, is absorijed by tlie bloodt and cai-ricd wit^ I 
.:<.i the circulationi during; which it gradually comt^ 
with the hydrogen and carbone tliut are succea^fl 
. '. added to the circulation, forming tlie water an^^fl 
onic acid which arc expelled from the liingsateack)! 
i]>iration. Thus the pix>cess, instead of being con)*, fl 
etedin lhelun|;s, as the former tlieory supposes, on* j 
begins In that organ, and cominues thruughout tb« I 
culaiiMi. I 

According to this iheoty, the florid colour of uiteiuaL I 
od depends upon the addition of oxygen, so that thi*, 9 
our gradually vanishes as the blood patisea from thajl 
:^tiai to the venous state, that is to say, as tlie AxygeU^I 
^m into coml»nation with the hydrogen and carbon* J 
"^g circulation. ^ 

Z^:iarBliru. There does not appear to me to be anjitf 
~j essential diflerencc in these two theories, sinc» I 
laoth the oxygen puiities th£ blood by coinlHiiing witli I 
S caiTying off the matter which had accumulated iOul 
luring cii'cuUitJon. '1 

-^ifrs. B. Yes ; but, in medical, or rather phisior^ 
g^ical science, it must be a question of great impoh J 
■*ce, whether the oxygen actually enters the drcutei^ 
Ci, or wliether it proceeds no fuillier than Uie lungi^B 
Tiie blood thus completed, fonns the most coni« 
c- ; of all animal compounds, ante it contains not Ol^ifl 
the numerous materials necessary lo form tlje variouH| 
<::rctlons, as saliva, tears, ^c, but likewise all thontifl 
x\i are required to nourish the several parts of ih fij 
Ame, as the muscles, bones, nerves, glands, Sec. jH 
Emily. There seems to be a singular analogy b^l 
ireen the blood of animals, and the sap of vcgetablesBJ 
ir each of these fiuids contain the several niutcrialtj 
EMUned for the nutrition of the numerous class of bg^ 
E^aw^k^K^especdTely belong. 7m 
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Mrs, B, Nor is the production of these Mi 
the animal and vcj^'vf.ablc systems entirely differ 
for the absorbent vesseiS) which pump up the c 
from the stomach and intestines, may be compar 
the absorbents of the roots of plants, which sue 
the nourishment from the soil. And the analogy 
twccn the sap and the blood may be still further tn 
if we folloiv the latter in the course of its circuiat 
for in the living animal, we find eveiy where (ff\ 
which arc possessed of a power to seci-ete from 
blood and appropriate to themselves the ingrcdieoti 
quisite for their support. 

CaroHne, But whence does these organs deri\t i 
respective powers ? 

Airs. B, From peculiar organization, the secre 
which 00 one has yet ever been able to unfold. Bi 
must be ultimately by means of the vital principle i 
both their mechanical and chemical powers are brou 
into action. 

I cannot dismiss the subject of circulation with 
mentioning ^lersfiiratiorij a secretion which is imnii 
ately connected with it, and acts a most important { 
in the animal economy. 

Caroline. Is not this sccrelion likewise made by 
propriate glands ? 

Mrs. B. No ; it is performed by the extremiiie 
tV.e arteries, which penetrate through the skin and 
minatc under the cuticle, through the pores of vl 
the perspiration issues. When this fluid is not sec 
cd in excess, it is insendbk^ because it is disbohcd 
the air as it exudes from the pores : but when ilK 
crcted faster than it can be dissolved, it becomes « 
ble^ as it assumes its liquid state. 

Emily. Tliis secretion bears a striking resembl; 
to the transpiration of the sap of plants. They 
consist of the most fluid parts, and both exude i 
the surface by the extremities of the vessels thn 
which they circulate. 

Mrs. B. And the analogy does not stop there ; 
since it has been ascertained that the sap returns 
ilic roots of live v\»iv\.^^ xNx^ ^^^^x\^Vixv5:.^ betweei 
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I and regetable circulation is become still more 
IS. The latter, however, is far from being com- 
since^ as we observed before, it consists only 
sing and descending of the sap, whilst in animals 
lood actually circulaies through every part of the 
a. 

5 have now, I think, traced the process of nutri- 
om the introduction of the food into the stomach 
finally becoming a constituent pail of the animal 
. This will, therefore, be a fit period to conclude 
•esent conversation. What further remarks we 
:o make on the animal economy shall be reserved 
r next interview. 



Contierisation xxiti. 



I Animal Heat : and on various Animal Products* 



JSndly^ 

^cE our last interview, I have been thinking much 
B theory of respiration ; and I cannot help being 
k with the resemblance which it appears to bear 
J process of combustion. For in respiration, as in 
cases of combustion^ the air suffers a change, and 
tion of its oxygen combines with hydrogen and 
ne, producing carbonic acid and water. 
rs.- B, I am much pleased that this idea has oc- 
d to you : these two processes appear so very anal- 
5, that it has been supposed that a kind of com- 
3n actually takes place in the lungs ; not of the 
, but of the superfluous hydrogen and carbone 
\\ the oxygen attracts from it. 
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' <I«roRiw. A combustion in our lungs 1 
VUN ichsi indeed ! Bui, Mn. B. boiv can joub 
actioti or (he air oii the blood in the lun^ combn! 
when neither light nor heat are produced bykf 

Umilif. 1 .was going to make the same olije 
Yet I do not conceive how the oxygen can comhnx 
the hydrogen and carbone, and produce water BH 
bonir. add, witlioul disengsging heal ? 

jlfr«. B. The fact is, that heal is ilisenj 
XVhcUier any light be evolved, I cannot pretend 1 
lerminc ; but that heal is produced in considenbl 
very sensible quantities b cemdn, and (Ilia is Uk 
p«l, if not the only source of m«imal heat. 

Jirnlly. How wonderful ! that the very processi 
purifies and eiaborstcs the blood, should affiwd a 
exhaustible supply of iniernal heat ! 

il/r«. B. Thi^ is the theory of animal heiU 
oi'iginal simplicity, such as it was firM pi-oposeUb/l 
and Lavoicier. It is equally clear and ingeiiioti&| 
VM at first genci-ally adopted. But it was oi 
c(I, on second consideration, that if the whole u 
animal heat was evolved in the lungs, it wouklili 
*arily be much less in the extPcmities of the bod^i 
immediately at its source ; which is not found wi 
case, TJiia objection, howcvei-, which wasbyftOi* 
frivolous, is now satisfuctorily answered by nWl 
the imprtned theory of respiration which I meWil 
last. Accoitling to this hypothesis, yo« rccoUoiA 
changes wluch the blood tindcrgoes in cousegw*! 
respiration only begin in the lungs and gniAiiilr' 
liniieduiing circulation. Therefore the uiiiiiud k 
ivhich is (he consequence of those changesi tM 
begins in the lungs, and afterwards contl ~' 
the whole circuhttion ; and heiit is thus O 
fused Liimughout every part of the body. 

Caroline. More and more admirable ! 

Mi-», H. Now let mc hear whether youi^ 

how animal heat is produced. Yoti, Caralinei'4 

in wliat manner it is first evolved in the lungs ! 

Caivjfjiie. PaitoE the oxygen gaa iospira 

diaiely comliincs vn litcVin^?. Ni'v^ftiitV ~ 



m 
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rog^n of the venous blood ; and the caloric eTolv- 
ig this combination, becomes animal heat. 

B, Very well ; but you must observe, that 
>le of the oxygen inspired at a breath is not con- 
by one respiration : a considerable part of it i» 
, so tnat we may breathe the same portion of 
ral times before the whole of the oxygen is cx- 
— Now, Emily, will you explain to roe in what 
an uniform degree of heat is kept up through- 
body ? 

/. A quantity of oxygen enters into the circu- 
jring which it gradually combines with the hy- 
and carbone of the blood, thus producing a con- 
sengagement of heat throughout evei7 part of 

V. 

B. Very well, indeed. You have in a fe\f 
>tated nearly all that can be said on the subject. 

however, mention another circumstance which 
itribute to account for the gradual evolution of 
leat. It appears, from some experiments, that 
d, in consequence of the successive changes it 
)es during circulation (by which it is gradually 
ed from arterial into venous blood), has its ca- 
3r caloric diminished. What must be the con- 
e of this ? 

f. That heat, of courae, must be disengaged* 
B. Exactly so ; and thus an additional quan- 
nimal heat must be generated. However, the 
xluced in this way is but trifling, and could cfsi- 
int for a very small portion of the animal tem* 






i7i€. The cause of animal heat was always t 
mystery to me, and I am delighted with its ex« 
n. — But pray, Mrs. B. can you tell me what is 
on of the increase of heat that takes place in a 

, Is it not because we then breathe quicker, and 
•e more heat is disengaged in the system ? 
B, That may be one reason : but I should think 
principal cause of the heat experienced in fe- 
, that there is no vent for the c^OTic >N\oOfiw vk 

Dd 
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generated in the body. One of the most consWcnLJE 
secretions is the insensible perspiration ; this b (»• 
sianily earning off caloric in a latent state; ^^^ 
the hot stage of a fever, the pores are so cflotncw 
ihutall perspiration ceases, andtheaccumulati(JOOi» 
oric in the body occasions those burning sensattwthl 
arc so painful. 

Jiniify. This is, no doubt, the reason vhy the pffj 
ration that often succeeds the hot stagcof afeveraW* 
so much relief. If 1 had known this theory of ^ 
heat when I had a fever last summer, IihinklshMJ 
have found some amusement in watching the chcffltf 
processes that were going on witliin me. 

Caroline, But exercise likewise produces 
heat, and that must be quite in a difTcmitmanntf' 

Mrs, B. Not so much so as you think ; fortii^iB* 
exercise you take, the more the body is stimulated,* 
requires recruiting. For this purpose the ciroiflW 
of the blowl is quickened, the breath proportiowwy* 
celcrated, and consequently a greater quantity oic» 
ric evolved. 

Carormc. True ; after ininning very fast, Ig*sp" 
breath, ray respiration is qui«k and hard, and it is p 
then that 1 begin to feel hot. 

Emily, It would seem, then, that violent excrc* 
should produce fever. 

Mrs. B, Not if the person is in a good sftte of heMlil 
for the additional caloric is then carried off by thep 
spiration which succeeds. 

limly. What admirable resources nature has wt- 
vided for us ! By the production of animal heat she I* 
enabled us to keep up the temperature of our booO 
above that of inanimate objects; and whenevfrtfc 
source becomes too abundant, the excess is caiTic^" 
by perspiration. 

Mrsi. B. It is by the same law of nature that* 
arc enabled, in all climates, and in all seasons, tol"*" 
serve our bodies of an equal temperature, or at ^ 
'^cry nearly so. 

Caroline, You cannot mean to say that oiirbo-^" 
are of the same IcvK^ev^wwc vcv ^^N\xv\\-cicr and in vi^ 
hi Encrland and \u X.\\^ W c;'sX \\\Ca^^\ 
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. B, Yes, I do; at least if 70U speak of the tern- 
~ e of the blood, and the internal parts of the body ; 
^e parts that are immediately in contact with the 
lere, such as the hands and face, utill occasionally 
xmer, or colder, than the internal or more shel- 
E^rts. But if you x>ut the bulb of a thermometer 
mouth, \vhich is the best way of ascertaining the 
mperature of your body, you will scai'cely per- 
xiy difference in its indication, whatever may be 
!erence of temperature of the atmosphere. 

^ine. And when I feel overcome by beat, I am 
^ ot hotter than when I am shivering with cold ? 

£. When a person in health feels very hot, 
1* from internal heat, from violent exercise, or 
xe temperature of the atmosphere, his body is 
I y a little warmer than when he feels very cold ; 
ss difference is much smaller than our sensations 
Yiake us believe ; and the natural standard is soon 
d by rest and perspiration. 1 am ture you will ' 
>riscd to hear that tlie internal temperature of 
iy scarcely ever descends below 95o or 96o, and 
ever attains 1049 or 10 50, ev^n in the most via* 
vers. 

/y. The greater quantity of caloric, therefore, 
e receive from the atmosphere in summer, cannot 
the temperature of our bodies, beyond certain 
as it does that of inanimate bodies, because an 
» of caloric is carried off' by perspiration, 

oHne, But the temperatiu-e of the atmosphere, 
nsequently that of inanimate bodies, is surely ncv- 
ligh as that of animal heat ? 

?, J3. I beg your pardon. Frequently in the East 
^est Indies, and sometimes, in tlie southern purls 
rope, the atmosphere is above 98^, which is the 
on temperature of animal hcat.-^Indccd, even in 
untry, it occasionally happens that the siu)*s ruys* 
; full on an object, elevate its temi>crutui*c above 
jint. 

iustmtion of the power which our bodies have to 
the effects of external heat. Sir Charles Blu^lciK 
ome other gentlemen, made scni^yvx\ ncx>j c\xxv5\v^ 
ments. He remained for lotxie \\w\a vcv^w w^'^ 
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hc;itcc\ te a temperature not much inferior tti that oi I y^y^ 
bf)iling water, without suflering any other incontts- f 
Lnce than a profuse pereph-ation, wliich he supported j ' 
by drinking plentifully. ■ 

Knuly. He could scarcely consider the perspiratiDi 
as an inconvenience, since it saved him from being I* 
kcd, by giving vent to the exess of caloric. 

Ca^'oUtie, I always thought, I confess, lliat it «» 
fiom the heat of the perspiration that we soffcrciiB 
summer. 

Mrs. B. You now find that you were quite mistake 
Whenever evaporation takes place, cold, youknow;* 
pro<luced in consequence of a quantity of caloric bfliS 
carried oflf in a latent state ; this is the case with ptf- 
spiration, and it is in this way that it affords rcBct n 
is for the same reason that tea is often refreshing ■ 
summer, though it appeara to heat you at the moo* 
you diink it. 

Emily. And in winter, on the contrary, tea is pi* 
ant on account of its heat. 

Mrs. B. Yes ; for we have then rather to ^ 
against a deficiency than an excess of caloricj andyf'i 
do not find that tea will excite perspiration in winter, ^itt* 
less after dancing, or any other violent exercise. 

Caroline. What is the reason that it is dangerous *^ 
cat ice after dancing, or to drink any thing cold fliO 
oue is very hot ? 

Mrs. B. Because the loss of heat arising frcfflw 
p(M spiralion, conjointly with the chill occasioned by 1^ 
culvl draught, produces more cold than can be bomc«w 
safety, unless you continue to use the same exercist'' 
tcr drinking that you did before ; for the heat ozzi^ 
ed by the exercise will counteract the effects of ibef**^ 
drink, and the danger will be removed. You may.bcl 
ever, contrary to the common notion, consider it *'| ^*'^ 
rule, that cold liquids may at all times, be drunk ^ ^' 
perfect safety, however hot you may feci, provided J*| *»|> 
are not at the moment in a slate of great perspiriD*? 
and on condition that you keep yourself in gentle es^l 
^ise afterwards. 

sources again^X xVv^ ^i'&.Xxc.vwir's* ^\ \v^viX ^^ ^OA^^V 
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ought thnt all climates would Inivc be«n 






That is true, in a certain (kg!-c< 
ttiose who have been accustomed to them fixiTa 
we find that the natives of tliosc climate*, 
e ccusider as the most deleterioiis, are se heal- 
,'B3 [ and if such climates are tinwhclcGome 
who are hatriluated to a more moderate tempe- 
h because the animal economy docs not axs^y 
i itself to COTisiderable changes. 
1^. But pray, Mrs. B. if the cii-cidotion prc- 
ebody of an uniform temperature, how does&j 
that snhnals are somelimes frozen ? 

Because if more bcit ia carried ofT by th4 
;re thao the circulation can supply, tlie coljl 
y prevail, tlte heart will cease to beat, and thfll 
fill be frozen. And likewise, K the body iv. 
ang exposed to a degree of heat, gi'eater tliaa. 
lir^lion could carry off, it would at last lose th^ 
resiating its destructive influence. 
f. Fish, I suppose, have no animal heat, bu^ 
t' the temperature ol' inaniiriate objects ? 

And their coldness, no doubt, procectb from 
breathing i 

All tinds of fish, 1 believe, bi'eathe moi'e"^ 
igh in a much smaller degree than land a 
Nor are they entirely destitute of animal heat, 
£h for the same reason they are much colder than 
' creatures. They have compariitively but a very 
I c|iianuty of blood, tlici'efore but little oxygen is re*» 
d, and a piuportionally small (juantily of animal ^' 
19 generated. 

roiine. Btii how can fish breathe under water ? 
i-s. B, Some of them raise tlicir beads above tl 
I' to breathe ; and others are supposed to be endowfj 
' ualure with tlie powor of decomposing water ai 
■bifig osygeo from it. Besides^ water always con-' 
air mixed with ii, which the fisli may possibly aj). 
o tlie purposes of respiijtion. Whulevci' tlie ci 
pO) it is ccrttiin tliai several kinds of fish have 
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ll«t>ie1tWkT»oF &wpplying the gills, 
ithc respim'ion of fish, answers ihc iloMi 
t mouih and lungs. 

► CanHne. Are there any apecies of 
t«{Llbe more than we do I 
w Mr». B. Ye»; birds,ofalUminala,brealhellMe« 
fast Qunniiw ot aii' in proportion to llieir bijc ; rrf W 
S> this ihat they ure supposed to mve the pccutat » 
lesa and strength of their muscles, by which tliej" 
SnahledlosupporUhevioleDt exertion of fljo?. 

This difference b«ween birds and fish,, which Wf 
je consi(!5red as the two extremes of the scale «^ 
fcular strength, is well worth observing. ^™' «* 
"ing constantly in the atmosphere, surrounoea vj9 
;on, and respiiing it in greater propordMis ilunw 
_her species of animals, are endowed with a wfC* 
r degree of muscular strength, whilst the muscte* 
r 'Jbh, on the conlvary, are flaccid and oily ; ihwe* 
Wfnala are comparttively slow and feeble ill thw a» | 
mons, and their temperature is scarcely above lW« 
the water in which they live. This is, in all p««" 
' fy, owing to their imperfect respirdiion s tbeqoiM 
of hydrogen and carbone, that is in consequence »■ 
mtilatcd in their bodies, forms the wJ which » | 
strongly characteristic of that species of ai>"»*;*J 
which relaxes and softens the small qttaiiliiy offiW ^i 
which their muscles contain. 

CaroUne. But, Mrs. B. there are some sped* 
fcirds that frequent both elements, as, tor idiW' 
ducks and oilier water fowl. Of what nature »' 
Sesh of these ? 

Mrt. B. Such birds, in general, make but 11*1 
of dieir wings ; if diey fiy, it is but feebly, aw" 
to a short distance. Their flesh too partakes (Hi 
oily nature, and even in taste somedmes resemUwl 
- offish. This is the case not only with tl« ""^ 
kinds of water fowls, but mlh all other ampwaW*' 
imals, as the otter, the crocodile, tlic liKird, kc- 

CaraUnc. And wliat is the reason that repohll 
so deficient in muscular strength t 
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■* Imperfect, and sometimes no discernible «rgar» 
resptmtion, they partake therefore of llie soft oily 
Hire of fish ; indeed, many of tlieni are amphibiousi 
frogs, toiids, and snaKes, and very few of ihem find 
f docility ill remaining; a length of time under v/a" 
: Whilst, on the contrary, the insect liibe that are 
slrong in proportion to their size, and alert in their 
jtions, j}artake of the nature of birds, air being their 
culiar element, and their organs of respiration being 
mparativcly larger than in other classes of animals. 
I have now given you a short account of the princi- 
1 smmal functions. However interesting the subject 
>y appear to you, a fuller investigation of it woulcI> 
tar, lead us too far from our object. 
Etnilxt. Yet I shall not quit it without much regret j 
of all the branches of chemistry, it is certainly tUct 
isl curious and most inleresting. 
'Zarofine. Uut, Mrs. B. I must remind you thai 
I promised to give us some account of the nature of 
k. 

iMrg. D. True. There are several other animal 
iddetions that deserve likewise to be mentioned. We 
lU begin with milk, which is certainly the most im- 
I'taul ondmostiiiterestingof all the animal secretions. 
Milk, like all other animal substances, ullHnatelJ^ 
ilds by analysis, oxygen, hydrogen, carbone, and 
rogen. These are combined in it luider the form* 
llbumen, gelatine, tA\, and water. But milk con- 
M, besides, a consklei-ahle poitkm of phosphat of 
ic, the purposes of vvliich, I have already pcMnted 

-aroline. Yes ; it is the salt which serves 
I the tender bones of the suckling I 
!*■«, B. To reduce mHk to Ua elemests would bt 
:ry complicated, as well as useless operation ; but 
fluid, without any chemical osastance, may be de- 
iposed into three parts, crmm, eiirds, and ro/iq/, 
ese consiituenis of milk have but a very alight all 
to each other, and you iind accoi'dingly that ere: 
urates from milk by mere standing. It consisi 
sfly of oil, which bcmg lighter than\.tift tAVw \*r« 
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of the milky gradually rises to the sur&ce. It isofti 
you know, that butter is made* which is nothing loo 
ihan oxygenated cream« 

Caroline. Butter, then, is somewhat analogous 
the waxy substance formed by the oxygenatioD of n 
ctable oils. 

Airs, B^ Very much so. 
Fsfnily. But is the cream oxygenated by z\i\am{ 
Mrs, B, Its oxygenation commences previooi 
churning, merely by standing exposed to theatA 
phere, from which it absorbs oxygen* The proa 
is afterwards completed by churning ; the violent ■ 
tion which this operation occasions, brings every p 
tide of cream in contact with the atmos^beie) i 
thus facilitates its oxygenation. 

Caroline, But the effect of churning^ I hare of 
observed in the dairy, is to separate the cream i 
two substances, butter, and butter-milk ?. 

Mrs, B. That is to say, in proportion as the ( 
particles of the cream become oxygenated, they sc 
rate from the other constituent parts of the cream 
the form of butter. So by churning you produce? 
the one hand, butter, or oxygenated oil ; and, od 
other, butter-milk, or cream deprived of oil.— Bu 
you make butter by churning new milk instead of ere 
the butter-milk will then be exactly similar in its I 
perties to creamed or skimmed milk. 

Caroline, Yet butter-mkk is very different fi 
common skimmed milk. 

Mrs. B, Because you know it is customary, 
order to save time and labour, to make butter li 
cream alone. In this case, therefore, the butteH 
is deprived of the creamed milk, which contains I 
the curd and the whey. Besides, in consequeiK( 
the milk remaining exposed to the atmosphere dui 
the separation of the cream, ihe latter becomes n 
or less acid, as well as the butter-milk which k yi 
iii churning. 

£7mly. Why should not the butter be equally a( 
fied by oxy^etid.\\oTv^. 
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■ ingreJienta of milk. Butter, iheierore, i 
lly made of sour cream, is not sour iiself, becnus* 
i\y part uf the cream had not been ocidiRed. Biifl 
howcTcr^ is sus4:cpiible of becoming acid by an 
ss of oxygen ; it is then said to be rancid, and pro. 
s ihe sebacic acid, the same which is obtained 

fat. 
njilii. If that be (he case, might not rancid butter 
veetencd by mixing with it some substance that 
d take the acid ri'om it i 

^rsi B. This idea has been suggested by Mr. Da. 
*rho supi»ses, that if rancid butter wei-e well wash- 
I on alkaline soluti<ai, the alkali would separate the 
fiotn tlic butter. 

aro/irac You said just now (hat creamed milk con- 
«1 of curd and whey. Pi'ay how are these scpara- 

fra, B. They may be separated by standing for a 
=rin length of time exposed to the atmosphere ; but 
decomposition ma^ be almost instantaneously ef- 
id by the cliemical agency of a variety of substan* 
Alkalies, rennet,' and indeed almost all animal 
ttances, decompose milk by combining with lh| 

kcids and spirituous litjuors, on the other hand, pi 
B a decompoMtion by combining with the whey, 
ir therefore to obtain the whey puie, rennet, 
Jine substances, must be used to attract the cu 
nil. 

tnt if it be wished to obtain the curds pure, the 
ly must be separated by acids, wine, or other spi. 
01 la liquors. 

iiiiili). This is a very useful piece of information i, 
I find while wine whey, which I sometimes I 
in I have a cold, extremely heating; now, if 
;y were separated by means of on alkali insuad 
e, ii could not produce that effect, 

/?enw( is Ihc name git'en !o a wtUery inftmm of ti 
t af the alonmch of a tucking calf. Its remarkable 5 
y in ftrdmoHng coagulacion in nijijiatti to AcJicnA Q 
'axtricjmce wilA wAich it 14 im/iregiiatcd. 
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* Mn.B. Periiaimnot BotlwooUittann 
yAwtjaaneft topbicetod nnudi i«Bntefliif» 
clieniicil luiowMge in me&al diatten. Uim 
iMhj ulitjr is siot aepanted frotti oavd by i«BMt 
anittaJiyAr th^purpoie whidi youBMfito 
^fcttwigly ioipect there must be loniie goodnn 
thepiepentiaa bjr means of wine is genevilly; 
red. Ic«h however^ safely point out topi ti 
of .obtaining wliey witbout eitber alkalif ni 
wine ; it is by aobsdtuting lemon juioe, a verf 
qqanlity of wUchnrillaeparaleknom^aiidi 

ITVIieyt as fin ar&^X)f d]et» is ^ry wbdea 
isthemostoutritife part of ^nulk, andtle'^ 
of digestiob. But its effect, taken mecficinallysi 
l|r». I MieTOy to excite pert^HralioQi by b^ 
warm on going to bed. 

/'It appears tliat the nutritive particles of irhey 
obtained in crystals by eviqxyration ; in tbis aa 
are called salu> or more commonly 4t^par ofmS^ 
salt is sweet to the tast^, and in its composido 
analo^nous to ^ugar, that it 19 susceptible of und 
the vmoua ferments^tion. 

Caroline. Why then is not ^ine^ ora}colM 
&om whey ? . ' 

Mr9^ B, The quantity of sugar contidned 
is'SD trifling that it can hardly answer foi* that \ 
I have heard of only one instance of its being 1 
the production of a spirituoys liquor, and tk 
the Arabs ; their abumlance of horses aa well 
scarcity of fruits, has introduced the ferioenl 
mares' milk, by which they produce a Uqiu 
koumuM, Whey is likewise susceptible of bea 
fied by combining with oxygen from tlie aton 
It then produces the lactic acid^ which younu 
l^ct is mepuoned amongst the ammal acids, as 
of milk, 

X«et us now see what are the properties of a 

£miy. . I know that they are made into che 

I have heard that £>r that puxpose they are % 

fvwa the whey by rennet, and yet this you have 

W is not the method of obtaining pure curds ? 

Mc^t Bs Noc ace \;ure curds so well adaptc 
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nation of cheese. For the nature and flavour of the 
sse depends, in a great measure, upon the cream 
ily matter which is left in the curds ; so that if eve- 
particle of cream be removed from the.curds, the 
ese is scarcely eatable. Rich cheeses, such as 
im and Stilton cheeses, derive their excellence from 
quantity, as well as the quality of the cream that 
m into their compositibn. 

jctroUne, I had no idea that milk vr2LS such an inter* 
ng compoiuid. In many respects there appears to 
to be a very striking analogy between milk and the 
tents of an egg, both in respect to tlieir nature and 
IT use. They are, each of them, composed of the 
ioQs substances necessary for the nourishment of the 
ng animal, and equally destined for that purpose. 
^8, B. There is, however, a very essential dif- 
nce. The young animal is formed, as well as nour- 
d by the contents of the egg-shell ; whilst milk 
es as nutriment to the suckling, only after it is bom. 
'liere are several peculiar animal substances which 
lot enter into the general enumeration of animal 
E>ounds, and which, however, deserve to be men- 
id. 

zennaceii is of this class ; it is a kind of oily sub- 
:^e obtained from the head of the whale, whichy 
^ver, must undergo a certain preparation before it 
a fit state to be made into candles. It is not much 
^ combustible than tallow, but it is more pleasant to 
I) as it is less fusible and less greasy. 
^xbergris is another peculiar substance derived from 
►«cie8 of -whale. It is, however, seldom obtained 
1 the animal itself, but is generally found floatfag 
be surface of the sea. 

^'iax, you know, is a concrete oil, the peculiar pro- 
of the bee, part of the constituents of which may 
kably be derived from flowers, but so prepared by 
organs of the bee, and so mixed with its own sub- 
ce, as to be decidedly an animal product. Kecs'- 
. is naturally of a yellow colour, but it is bleached 
ong exposure to the atmosphere, or may be instan- 
iously whitened by the oxy-muriatic acid. The 
ibustion of wax is fiu* more perfect than that of tal- 






', Btid consequently prckttucesa 
light and heat- 

IjOc 13 a substance very similar to ivas in the 
tier of its formatifm j it is tlic product of sn inB«Oi 
CoHecls its ingredienta fi-om Bowers, apparcntif fi 
purpose of protecting its eggs from injury. Iti» 
f^d into cells fabricated with as much skill W th 
the honey-comb, but diflerenlly aniuigcd, 'fhl 
cipal use of lac is in the manufacture of seaSn( 
and in dying scarlet. 

Musk, met, andfoe/or, are other parucuhrp 
ttons, from different apedes of quadrupeds. Tli 
first are very powerful perfumes ; tlic latter hu 
scous smell and taste, and is only used mediciu 

Caroline. Is it from this substance iliat castoi 
obtained ? 

Mrs. B. No. Far from itj for castor oil ht 
able oil, expressed from the seeds of a pardculir 
and has not the least resemblance to the nedidD 
stance obtained from the castor. 

Silk is a peculiar secretion of the silk Tirocn 
which it builds its nest or cocoon. This hu 
originally brought to Europe fiom China. SIR 
chemical nature, is very similar to the hair and i 
aiiintals. The moth of tlie silk wo<Tn ejects a 
which appeai-s to contain a particitiar add, call* 
bicy the properties of which are very little ktiom 

ETmly. Before we conclude the subject of tl 
mal economy, shall we not learn by what sce|)ss 
return to their elementary state ? 

Mrs. B. Animal matter, although the nUB 
plicated of all natui'al substances, retums toibej 
tary state by one an^le spontaneous process, tbi 
firmentation. By tins, Uie gelatine, albumen. I 
brine, are slowly reduced to the state of oxygn 
di'ogen, nitrogen, and carbone : and thus llie ci 
changes through which these principles hate 
is finally completed. They first quitted their d 
lury form, or their combin'tUon with unorgaiuzH 
ter, to enter into the vegetable svsiem. — Ha 
were transmitted to the animal kiugdom^ 
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/ return again to Ihcirprimidvedmpl 
mterthe sphere of organized existence. 
hJen all the circumstances necessary ii 
Rtal'ion do not take placC) animal, like 
, is liable to a partiaj or imperfect decompositioT 
1 cDDverts it into a combustlbie substance very 
Krmaceti. 1 dare say that Caroline, ^vho is so 
lalogies, will consider this as a kind of animal 

If. And why should 1 not, since the process- 
it produce tlieae subsKmces are so similar. 

There is, however, one considerable dif- 
Krence; the state of bitumen seems permanent, whilst 
that of animal substances, thus imperfectly decompo- 
sed, is only transient ; andi unless precautions be taken 
. f.icacrve them in that state, a total dissolution in- 
:.ii.>ly ensues. This circumstance, of the occasional 
ij version of animal matter into a kind of spermaceti, 
i:,f late discovery. A manufacture lias in consequence 
lifcn established near Bristol, in which, by exposing 
ihe carcases of horses and other animals for a length 
cf lime under water, the muscular parts are convei'tcd 
Jijto this spermaceti -like substance. The bones after- 
wards unilergo a difterent process to produce harts- 
hoi-n, or, more properly, ammonia, and phosphorous ; 
and the akin is prepared for leather. 

Thus ail contrives to enlarge the sphere of useful 

jjurposes, to which the elements were intended by n. - 

tiii-c i and the pitiduclions of the several kingdoms are 

fi c qiiently arrested in tlieir course, and variously modi- 

;l, by human skill, whicli compels them to contTtbutc, 

. iL-r new forms, to the necessiijcs or luxuries of mut. 

I'.vil all that wc enjoy, whether produced l*y the 

.. utaneous opciavions of nature, or llie ingenious ef- 

I ■ s of an, proceed alike from the goodness of Pro- 

l^iice. — To GOD alone man owes the admirable 

■lilies which enable him to improve and modl^lhe 

..>.luctioi\s of nature, no less than those productions 

. . niselvcs. In contemplation the works of the crea- 

,i!, or studying tbc inventions of an, let us, there- 

.. L', never forget the Divme Source from which they 

^ioceed; and thus every acquisition of knowledge '" 

^rove a lesson of piety and vinue- 

E e END OS TUC LOVOOH C<^'' 
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The researclics 1 had made rm ihe ii 
acida, and of alkaline uitO earthly ncn'i 
proved thai ihe powers of elcctii' 
were proportional to the strength of i 
triciiies in the circuit, and to the cci<(: < 
degree of concentration of the niaiti 
111 the Bret aiicmpts I made on the decoiui"*** 
the fixed alkuhcs, 1 acted ii]>on aqueous uluKM 
potash unit soda, saturated at commcui temperatirtl 
the highest electrical power 1 could coidiw44 
which -was proilnccd by a combination of wllut l# 
ries, belonging to tlie Royal Institution, caNiUfl 
plates of copper and zinc of 13 inches tqnaiViH 
platea of 6 inches, and ISO of 4 inches sqivKi da 
ed with scrtwoons of alum and nitrous add ; MbW 
cases, though there was a high Intensity of *fll*i» 
water of the solutions alone was cficcKd, andhfiw 
and oxygen disengaged with the produtlion of >■ 
heat and violent efi'ervescence. The presenccfJ* 
tcv appearing ihns to prerent any decomposiliffl, Ij 
potash in igneous fuMon. By means of a sircao^ 
gen gas from a gftspinetcT applied to the flimtfl' 
«pint lamp, which was throivn on a plaiiiM spMOl* 
taining potasli, tlus atkali was kept lot tJirae nM 
in a sii'ong red heat, and In a state of perTectSiM 
TheBpoonwas preserved in communicoiion ^^^ 
positive side of the battery, of the powerof lOOolW 
es, highly charged ; and the connection fiom Ih^ 
ativS aHe was made by a platina wire. Bf tfej 
rangement some brilliant phenomena were pw^i* 
The potash appeared a conduttor, in a high ^f"^ 
and as long as the communicaiion^rusprescrveili'' 
intense light was exhibited at the ncgatj« Mird 
acohimnof Dame, whithseenied to he owing [oiIkA 
opcmtnt of combuslihle maitcr, avose (iwn th'l,^ 
of contari. When the order was changed, so tW' 
platina spoon was made lie gmivc, a vivid, coniiaillV 
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£Si%d at the opposite pgjnt. Th.ei'e was ng effect. 
k£aniination round it, but Ecrifonn gloliules, whicb. 
rmed in the atmosphere, rose through the potashj 

"pldtina, as might have been e:;pccled, was coi)'^ 
"sibly acted upon ; and in the cases tvlten it ha^i 
I negativ.e in thp highest degree. 
l~ie alkuh was apparentljr thy in tliis expei'inient j 
it ^emed probable, that tlie joBaiiiiualile maitei- 
a fraiD its decomposition. The residual potasli 
•jcialteiif d ; it contained, indeed, a number of dark 
" metallic piirticlcs, but these pi'oxed (o Ije dctiw^ 
I tlie plauiia. 

tried several .experiments on the electidzaCion 
iih, rendered fluid by beat, with ilie hopes of being" 

to collect the combustible matter, but without iuo- 
; and I oijy attained my ehject, by employiog 
L I'icjty, as the comraon agent ror Ajuon anddccoov- 
t ion. Though potash, perfectly dried by ignition, 
1 xin -con due tor, yet it js rendered a conductor by a 
slight addition of moisture, which does not per- 
ibly destroy its aggregation ; and in this stale it 
illy fuses and decomposes hy Etvoug. electrical Qow- 

■- small piece of pure potash, which had qeen ex» 

-tl for a few seconds to the atmosphere, so as to give 

lucting power to the surface, was placed upon an 

lilted disc of platiiia, connected with the negative 

of the battery, of the power of two hundred and 

of six and four, in a state of intense activity ; and 

^tiriawii-e, com mutiicating with theixiailive side, was. 

I ght in contact witb the upper surface of the alk*-; 

'Die whole apparatus was in the open atmosphere.' 

Tnder these circumstances, a vivid action was som- 

irved to take place. The potaali liegan to fuse ni 

\ its points of elect lization. There was a vident 

rvescence at the upper surface : at the lower or 

lative surface, there was no liberation of elastic flii- 

but ^mall globules, having a bigii metallic lustre, 

being precisely similar, in visible characfcre to 

cksilver, appeared ; some of wliich burnt with ex- 

si(»j, and bright flame, as soon as they wei;e lbrm> 

others remained, and were merely taniislicdj wi 
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lUy covered by a whiic GIm, which formed cothl I 
riaces. These gtobules, nuraetmn e^^perinieniiira 
o be the substance I was in seaTchoC, ndi 
bculbr inflammable principle Ute bass of poviti. I 
Diul that the plaiina was m oo waj- conncci^ vitb ite 
Ituh. csupt as ihe medium for exhibiting ilie tStti 
*cJ powers of decpmpoaition ; and a &ubsUnci! of ItiC 
inc tundnos produced, wben pieces of copper,jilnr< 
b}{], phimbago, and even charcoal were emjilojed b 
tbieting the circuit. The phenomenon was i«i* 
dent of the presence of air. I found that il «i 
e when the alkali was in the Tacuum of na«tasl> 

The subsiiuice was likewise pi 
B potash fused by means of a tamp, in gfosi udB 
^ifined by mercury, and fumbhed with hermeiiaiH 
Kited pbiina wii^s, by which the elcctiicaJ kAh 
s tratiSDUtted. But this operation could not t«ta> 
d on for any con^dcraUe time ; the glass was isj)^ 
f (lissohed by the action of the alkali, and iiiB9» 

e soonpenetratedthroiigh thebody of thetabe. 
> Soda, when acted upon in the same mantiei u ]dr 
■ , exhibited an analogous result ; but the ietmff 
n. demanded greater Intensiiy of action in IluU' 
[jtries, or the alkali was required to be in muchthiM* 
d smalier pieces. With the battery of one huOdnit 
s inches in full activity, I obtained good p '' 
I iMcces of potash weighing from forty tc 
ainsi and of a thickness which made the A 
e electiiiied metallic surfaces nearly a quav 

yich ; but with a similar power it was imps 

duce the effects of decomposition on pieces ol 

more than fifteen and twenty groios in weii;lit. » 

I only when the distance between the wires W 

1 one eighth or one tenth of an inch. 

The substance produced from potash i^muned Ri' 

Bat the temperature of the atmosphere nithctisKll 

TttB production ; that from soda, which was RuiduiM 

degree of heat of the alkali during its formatioib *• 

came solid on cooling, and appeared hannsr tfaoJal' 

of silver. 

When th« ^vzv of two hundred and fifty vnsM 



onehuOdnit 
good nak' i 

[juafM^H 

lecesoTiil 
welKhurf 



I, vv^cn 

^^*Hha\c 



( 3*1 ) 

•the globules often bcmi ai the noomcnt of ihc'ir zicia:,' 

tian* and sometimes Tiolcnily expjoded and separaitc 

d^into smaller globules, irhkh flew with great velocity 

through the air, in a state c^rhid combostioD. prcdu- 

-cuig a beautiful jeffect of contTnued jets of fire. 



S)I. Theory ^ the Dcc^mfic^ticn of thtjixtd jiikaht^ s 
thdr Com/ioafion and Productic/i. 

As in all decomposiuons of compound substances 

^biqh i had pre^iouslf examined, at the same time 

itbat combustible bases weje deyeloped at the negative 

-BUT&ce in the electrical circuit, oxygen Tras produced, 

. «pd CYolved or carried into combination at the po^tive 

afVir&ce ; it was reasonable to conclude that this substance 

was generated in a vmilar manner by the electrical 

.action upon the alkalies, and a number of experiments 

jnade above mercury, with the appars^s for excluding 

. nej^erqal ^r, proved that this was the case. 

Wh^n solid potash, or soda in its conducting state « 
/.-was .included in glass tubes, furnished \yith electiifieil 
platina wives, the new substances were generated at 
tbe negs^ve surfaces ; the gas given out at the othcr 
. Burfiice proved, by tbe most delicate jexamination, to 
b^ piure oxygen ; mid pnless an excess of water ^vas 
j>resent, no gas was evolved fix>m the negative surface. 

In the synthetical experiments^ a perfect coincidence 
J^&ewise will be found. 

I mentioned that the metallic lustre of the substance 
fytim potash immediately became destroyed in the ut- 
•xposphere, and that a white crust formed upon it. This 
.Qxist I soon found to bepure potash, which immediate- 
ly deliquesced, and new quantities \9ete formed, which 
;^iii their, turn attriicted moisture fram the atmosphere, 
till the whole globule disappeared, and assumed the 
.•form of a saturated solution of potash. 

When globules were placed in appropriate tubes* 
^-containing common air or oxygen gas, confined by 
fnercury, an absorption of OKy^eT\\noV.\)VM:.^\ ^^\>»^ 
Hif alkali instantly formed upon iVv^ ^oVpc\^ \ \^^3^Sx5S». 
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Om want of moisture for its solution the pnuMM. 
[led, the iDterior being defended froni the aclioi of ita ' 
gas. 
H Willi llic subatancea from soda ibe appeanneet u4 
^b ciTccts were analogous. When the substaiKU TOl 
^B itron^ly heated, coniined in given portioDS of nTS'^ 
^B-<imi)id combustion witli a brilliant white Same vatpit- 
^B'AKed, and the metalUc globules were {bund nmvtm 
^K^into a White and soBd mass, which, in the case Dril|E 
^Vhibstance horn potash, was found to be potash, mda 
^r tbceasc of tliat from sodot soda. 

Oxygen gas was absorbed in this '■, 
nothing emitted which effected the pi- 
dual nil'. The alkalies produced wcrr 
,t least contained no more moisture i 
1 to eaust in the oxygen gas 
:s considerably exceeded tliose of ihefeo* 
asriblc matters consumed. The processes on w'"'* 
bese conclusions arc founded will be fully descflW 
E^hereaCier, when tlie minute details which are ncocOT 
rwU he explained, and the proportions of oxygen Of 
f the respective inflammable substances whi^tiCiiKI 
anion to form the fixed alkalies will be gtveu. ' 
It appears, then, that in these facta thcreislhcMtf^ 
e for the decomposition of potash and Bftbte* 
■tygen and two peculiar substances, as there is fcrttj ' 
'Komposition of sulphuric and phosphoric aciilllt' 
: metalUc o:{yd3 into oxygen and their respc^ 
H>mbustible bases. 
In the analytical experiments, no stlbatances ttjikl 
f of decomposition are present, but the alkalies w' 
I minute portion of mMsture ; which seems in ro!**, 
tray essential to the result, than in rendering tkM 
conductors at the aur&ce : for the new subsi^incci <" 
not generated till the interior, wHch i? 
be fused ; they explode when in rising: ' > 
' 'Bed alkali ; they come in contact with ih:. 

tened surfiice; they cannot be produceii 

lized alkalies, which contain mtich water ; arKllfe*^ 
fects produced 1^ the electrization of ignited polN* 
which contaW Tio *w\sU!i\e qiiuntity of water, ctrf* 
the opinion oS vVicw ^ijrre«lissii\^'«ivaijiiitw}<^t<'ie^ 
seiice of ibis ^liosxaixw. 
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Pbe combustible bases of the fixed alkalies leero to 
repelled as other combustible substances, Ly posi- 
Jy electrified surfaces, and attracted by negauvel^ 
diified surfaces; and the oxygen follows the con- 
ry order ; or the osygen being naturdtly possessed 
Oie negative energy, and the bases of the positive 
not remain in combination when eidier of tbeni ig 
ngbt into an electrical state oppo^te to its natural 
;. In the synthesis, on the contrary, the natural 
pt^es or attractions come in equilibrium with each 
icr ; and when these are in a low state at common 
operEtlures, a slow combination is eBected ; but when 
!y are exalted by heat, a rapid union is the result^ 
in other like cases with the production of fire. 
A number of circumstances relating to the agencies 
" bases will be immediately stated, and will be 
.13 offer confiraiations to these general conclusions. 

. On the Pro/ieriiea and A'uCure ofc/ie Basin ofPotaek. 
liiter I had detected the bases of the fixed alkalies, 
tnd consideiable difficulty to preserve and confine 
tu ao as to examine their properties, and submit 
lO) to experiments ; for, like the alkahests imagin- i 
iky the alchemists, they acted more or leas tipon aT ' 
*t every body to which they were exposed, 
i^he fluid substance atnongst all those I have tried, 
*»hich I find they have least efl'ect, is recently dis- 
1^ naphtha. In this material, when excluded from 
, air, they remain for many days without considei'a' 

'changing, and their physical properties maybe 
Lly examined in the atmosphere when they are co- 
&d by a thin film of it. The basb of potash at 6(io 
^reobeit, the temperature in which 1 first examined 
Appeared, as 1 have already mentioned, in acn 
^ules, possessing the nictalEc lustre, opacity a 
i«ral appearance of mercury ; so that when a g 
^ of mercury was placed near a globule of the pecv 
substance, it was not possible to detect a dilTurc — 
*Jieeve. 
^ 60» Fahrenheit it la, liowovcr, only impcrfiei 

" ' r it docs reiulily lun iiUo u ^\&liuVc wW\vl 
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^r eltape n aljcrcd ; at 7od it liecoc^es oKjrc 11 

liH/> usfluUlity is perfect, so ihsl dificrem gW 
may be easily mode to run uito one. At S*" fli 
bcil il becomes » soft and mafleable solid, ubicti 
the laslre otpolislied sUvcr ; aiid at about the (m 
point of water it becomes harder and biiale; 
when broken iu fragments, eshilnls a crysuUiMili 
<\a*, which, ill ilie microscope, seems corapod 
beautiful ficcnnif a perfect whiteness and Irigbfl«» 
splendour. 

To be. converted into vapour, it requiitsftlBfl/W 
Ittw approaching thM of the red heat ; sndwli^ 
experiment is conducted under proper dreiuiWW^ 
4t is lound unaltered aAcr distillation. 

It is a perfect conductor of «lectridlj'. I'^l 
spartt from the voltuic battery of an bunilrri "■ 
finches is taken upon a large globule in the atiDO^ 
the light il gicen. und combustion tiiki-s pljcc /* 
pijint of contact only. 'VVheii u am, : 
.1)^ is completely disaipatcd witKe^iil 
-by a most vivid flame, iiiKi alkallii. 
ewelleiit conduatii- of heat, JIc-l; ■- \^ 
ujall these bensibje properties, itis, liw.>:ter,vciiirt 
^bly different from any pf ihcm, in ipedfic gWM 
found that it rose to tif e sui'tucc of naphllu Ml 
from petroleum, uiid.of ivUigh llje hpacific ^wBM 
^gbl hundred aiiJ sJ.xty-one, audit did nt»l sipkii 
bte distilled naplitl»a,.the specific gf-n^xy ofwhiil 
about seven bundled and se>ciiiy, ihalefwajffg 
considered as one. JTIie small ^uc^iUues inag 
i.s produced by the bigbcst cle cubical, powcpE, M 
■U very difficull lo. determine tills quality vvhm 
piedslon. I ciideavoied to gain approxiinatioiXil 
Bubject by cgmpating the weights of pcrractftl 
globules of the basis of jotash and To&Kfi^i: 
\ised the very delicate baiance of ihe Rc/yai ItSV^ 
\rbich, when loaded with the qiianiitic-s t nipfi 
and of which the mercury never c ■. 
is sensible, at ieiist, hi the j^co "' 
the n\e-iv\ of -four .ex^rimeiits, '.■■ 
-cave, fta B^tt&t ^cwiW,-) »i. «i!»\.\, ■ ■■. i~ i" 
^i mei.XMTy aa \Q W ^'i, VtivCw ^>«i.'<^« 
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:r nearly as 6 to 10 ; go that it is the 
otiy known. In its solid form it is a 
but even in this stale, when cooled to 
, it swims in the double distilled napiilha. 

^111031 relations of the basis of potash are 
traordinary than its physical ones, 
already mentionecl its alkalization and com- 
sygcn gas. It combines witti oxygen slow- 
tout flaroe at all temperatures that I have 
that of its evaporatioD. But at this tempe- 
bustion takes place, and the light is c^ a 
iteness, and the heal intense. When heat- 
a quantity of gas not suFBcient for its com* 
rsion into potash) and at a temperature in- 
1 its inflammation, 400o Fahrenheit for in- 
6nt changes to that of a red brown, and 
■ i withdraivn, all the oxygen is found to 
i) and B. solid is formed of a greyish colour, 
f consists of potash, and partly of the basis 
I B lower degree of oxygenation, and which 
tash by being exposed to water, or by being 
id in fiish quantities of air. The substance 
nf the basts of potash combined with an un- 
ion of oxygen, may likewise be formed bf 
potash and its basis together under proper 
Tes. The basis rapidly loses its metallic 
the two substances unite into a compound 
wn colour when fluid, and of a dark grey 
Nlid ; and this compound soon absorbs ii> 
ton of oxygen when exposed to the air, and 

ronverted into potash, 

! same body is often formed in the analytical 

Its when the action of the electricity is in- 

I ibe potash much healed. 

MS of potash, when iniioduced into oxymuri- 
as, bums spontaneously with a bright red 
I white salt, proving to be murial of potaatit 

globule is heated in hydrogen at a degree 
joint of vaporization, it seems to dissolve in 
globule diminishes in volume, and the ^s 
wih alkaline fumes and bii^til W'^Nv^i "flVtw 



I 
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ittcrvil lo psM Into ihe air ; but bjf c 
tfiiicousdcuinaung pvopcrty is destrofo 
j» cithci- wholly gr piiiicjpully deiMMtted. 
Tlic actiun of the ba^a of potash an 
to ih« Btino3|>here h conuected tvith e 
nomcna. When U is thi-owii upon v 
tmnighl into contiict wiiii tt di-op of wa 
icmperatui'c. it decotii poses it with gr| 
iiwiatitatiCDus «xpto»ton is pi-ocliiced wjd 
aiil a s()lution of pure potush is the rest 

lnexpers9icDt.s of tliis kintii an nppe 
curs siniilar iv that pixKluced by the 
ptuMj^ltQrolcd liydrogen ; a wl^te ring ol 
grudoally eicifMids as it nses into the u]r. 

When water ja made to act upon the 
out of the contact of aic, and preacrv^tf 
^lass tube under nuphtlia, the decowpoi 
t(R[l there is cnuch heat and noise bill tu 
pearancc ; and the g^s evolved, when e 
mercurial or water pneumatic tipparatua 
pure hydrogea. 

When a globule of the bsMS of potaf 
on ice, it instantly bums with a bright Aeu 
hole is made in theice, wtucJi ja found I 
lution of potash. 

The tb^ry «f the action of the baas 
water exposed lo the atmosphere, thoug 
•cJtanges -occuivis far tram being obscu) 
iKiineaa seem to depend, on the strong ai 
basis for o^tygen and of the potaab .fiiriL 
The heat which ai'iaes from two causes, 
and comhinaiion, is sufficiently intense 
inflammation- Water is a bad conduct 
globule seems exposed to air; apart-of i 
greatest reason to believe, h dissolved : 
nascent hyflrogen ; and this substance ^ 
eponianeou&inllanimaliun, explodes and 
■tlie effect.of coqibHsiioD to an/ of the I 
he yet uncombinecl. 

When n g\(ftni\fc tiwSaici iwS. (i the « 
1 upon by VO.VW, 'Cft'i 'CtvWiri laS. ^ 
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Jle ; the heat produced is rajiidly carried off, 
Iiere is no ignition ; and a high lemperature be- 
aiate for the solution of the basis in hydrogen, 
ibinalion probably does not take place, or at least 
laTe a momeniaiy existence only. 
production of alkali hi the decompoKition of wa> 
le basis of potash, is denionsffated in a. very 
and satisfactory manner by dropping a globula 
311 moistened paper tinged with teimeric. At 
nent that the globule coraes into contact ivillj 
sr, it bimis, and moves rapidly upon the papet) 

search of moisture, leaving behind it a deep 
■brown trace, aaid acting upon the paper pre- 
i dry caustic potash, 

rong is the attraction of tlie basis of potash for 
id 60 great ihc energy of its action upon wa* 
.discovers and decomijoscs the small quanti- 
c^Dtainedin alcohol and ether, even when 
'efully purified. 
ler this decomposition is connected with an in- 
: result. Potash is insoluble in this fluid ; and 
le basis of jwtash is thrown into it, oxygen is 
:d to it, and hydrogen disengaged, and the alka- 
foi-ms, renders the ether white aiidlurbid. 
ii these inSammable compounds the energy of 
I is proportionable to the quantity of water they 
md hydrogen and potash are the constant re- 

9U& of potash, ivhcn thrown into solutions of 
Bid acids, inflames and bums on the surface. 
tia plunged by proper means beiieatli the sur- 
eloped in potash, surrounded by naphtha, it acts 
: oxygen wiili the greatest intensity, and all in 
re such as may be explained from its strong af- 
r this substance. In sulphuric acid a while s«> 
itance, with a yellow coating, which is, piijba- 
pliat of potash surrounded by sulphur, and a 
cJi has the smell of sulphurous acid, and which, 
^^ a mixture of that substance with hydrogen 
Hirmed. In nitrous acid, nitrous gas is disea- 
■U nitrai of potash formed, 
^ps of ptildsh readily comb'ma* "«\^X^ "ivt, <\n»* 



( 350 ) 



>se|!S 



water, thia Quid is decomposec^i 
thrmcd, and the metals appear to be Gepantcd gnus 
<d. 

lite basis of potash combines with Tu^le ncn 
SMd forma an alloy nith it, which has a higher pobl' 
Tusion than [be fumble metBl. 

The action of the basis of potash upon the inflanm 
lilc oily compound bodies, con&rms the other faoi 
ihc strength of its attraction for oxygen. 

On naphtha, colourless and recently dislSle^M 
have already sujd, it has very IJitle power of (cdci 
but in naphtha that has been exposed to the airi il*' 
oxydates, and alkali is formed, which umtcs mi i 
■laphtba into a brown soap that collects rouod tbfi jM 
ule. 

On the concrete oils, (tallow, spermaceti, vax,£ti 
stance) uhen healed il acts slowly, coaly malterisd 
posiled, a little gas is evolved, and a soap is fiirm' 
but in these cases it is necessary that a large qtianiitT' 
the oil be employed. On the fluid fixed oils ii pro&n 
the same effects, but more slowly. 

My heat likewise it rapidly decomposes (be R^ 
oils ; alkaU is formed, a small quantity of gas is tftll 
ed, and charcoal is deported. 

When the basis of potash is thrown into campbni 
fusion, Ilie camphor soon becomes blackened, Dafi 
is liberated in the process of decomposition, andanfl 
naceous compound is formed ; which seems to ^ 
that camphor contains no more oxygen than the wltlil 
oils. 

The basis of potash readily reduces metallic OijJ 
when healed in contact with them. When a smallqM 
tity of the osyd of iron was heated with it, to aW 
perature approaching its point of distillation, lhete« 
a vivid action ; alkali and grey metallic paiticles, itUc 
dissolved with elfervesceuce in muriatic acid, appcani 

The oNyds of lead and the oxyds of tin were nX 
ved still more rapidly ; and when the basis of poM 
Was in excess, an alloy was formed with the reviit 
metal. 

In corisetpcticc o^ ^\s ■¥^ti^iii\'j "Cwt^a 
readily detwmp'^es ?aQ\^%^>^-' 
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gentle beat ^ alkali is immediately formed by oxygen 
from tbe oxyds, vbicb dissolves the glass, and a new 
surface is soon exposed to the agent. At a red heat 
even the purest glass is aHered by the basis of potash : 
the oxygen in the alkali of the glass seems to be divid- 
edi between the two bases, the basis of potash and the 
idkaline basis in the glass and oxyds, in the first degree 
of oxygenation, are the result. When tlie basis of 
|>o(ash is heated in tubes made of plate glass, filled 
Inth vapour of naphtha, it first acts upon the small 
quantity of oxyds of cobalt and manganese in the intc- 
labr surface of the glass, and a portion of alkali is form- 
ed. As the heat approaches to redness it begins to 
rise in vapour, and condense in the colder parts of the 
tube ; but at the point, where the heat is strongest, .a 
part of the vapour seems to penetrate the glass, ren* 
dering it a deep red^brown colour ; and by repeaitedly 
ifistilling and heating the substance in a close tube of 
this kind, it finally loses its metallic form, and a thick 
brcwn crust, which slowly decomposes water, and which 
sombines with oxygen when exposed to air, forming 
jdkali, lines the interior of the tube, and in muny parts 
kS found penetrating through its substance. 

The basis of soda, is solid at common temperatures^ 
It is white opaque, and when examined under a film of 
naphtha has the lustre and general appearance of silver. 
It IS exceedingly malleable. Its specific gravity is less 
than that of water alx>ut9 to 10, or. 9348 to I. 

The basis of soda has a much higher point of fusion 
than the basis of potash, its chemical phenomena are 
analogous to those produced by the basis of potash. 

The proportions of the peculiar basiff, and oxygen 
in potash and soda are, about six parts basis and one of 
Dxygen in potash, and seven parts of basis and two of 
»xygen in soda. 



PNEUMATIC CIST£RJ\r of Yale College. 
An instrument has been for several years used in the 
laboratory of Yale College, for experiments in thelaxs^^- 
way, on the ga^es which water doe^ lioX. \^^\^>j ^^^\V, 
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fch ^a3 been found to be more conrenienl and mtb 
c than any other arrangcmrnt of apparalus fcri 
' purposes. The only insirumcnl of the lund 
Sch !iu»cver been ronsti-ucteii, waa raatintacwwl 
• ■HuTOn. {^Sce J'ronris/iiecr.'] Being calculaei 
extensive course of public lectures, delJwrei" 
liibonilory wher^ there is pJenty of room, hi dimfi- 
" IS ore largerthan might be worth whikin esWbW- 
n a smaller scale. Its fovm is that of a pstslW- 
ipcdon, 7jreotlong, 3 feet wide, and 3 feet 3 incto 
ep, without allottingf for the two inch pine plul'' 
hich this part of the instrument is construcieX Tte 
fvci'al planks and parts are connected by groo>es)lrf 

' ., and bound together by iron rods, pasKHfl*' 

roughihem, and terminating in 3cre\refutuilR 

nuts. The intciior pait is furiiislied inlbiw 

kclves,, [A. A. A. A.] each two feet six inches Iw^t fir 

iBt:ilning air-jars and belt-glasses \ the middle ipw 

jfetween these isonc foot eight inches wide, andfcns* 

tivcli [H] for immeiaine ihe bell-glasBes; across^ 

Rill is placed a sliding shelf, [G] with three invenri 

wllow un fimtielfl beneath it, corresponding nithii 

iny holes for receiving and transferring gases. TliiB 

' ■' is obvious thai the instrument is only a vtryti" 

e pneumatic cistern, and has no sopcriotiiy ovp 

t»e commonly in \ise, except from its afTordingamph 

e for a very important and interesting class cf M- 

wiinenta, which are much more hnpressive and m1> 

icing to a large audience, when performed on n J*i^ 

There are, however, a nupiber of addiiiwni 

mtrivancea. Beneath each of the shelves are utoin- 

terted rectangular boxes, [sAm-n by dotted line* of 1- !• 

tlimdt'r A.A.A.A.] made of thin pine plank, dovctal!' 

6 logeiher at the angles, entirely open belovr, and"!-. 

o the inferior ade of the shelvea by loogDUi 

3VC3, and wood-screws. These boxes are iwdw 

s deep, of the capacity of about 12 gBUonstati- 

i*»hd occupy the whcle space bcnenth the shelves ex«pt 

7,5 inches at each end of the cistern, and wnc Inttm 

between the bottom of the boxes ajwl the botioni oC il* 

cistern, TVAs \aUeT s^atc\a'ce'!K.\ved to give room fatli* 

action of llivee ^uV o^ \vi'i.tiK,\.4<\t^tfi(i-fl^,\^^^ 

are mad^ oE \ea.\.\iet, n2.\\ci\o'Csv^i\iicw,avn.j&,'<^- 
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dfetended by circular ii'on rings, and attached by nails 
"to a thick circular plank which serves as a top, and Avhich 
16 moved up and down by an iron rod connected with 
an iron lever, [C.C.C.] which rests on a forked iron sup- 
port, attached to the upper edge of the end of the cistern. 
The bellows are so placed, that nearly one half projects 
beneath the boxes, which we may call resci*voirs ; the 
other part is beneath the open space which lies between 
the end of the reservoirs and the end of the cistern, 
and the rod of the bellows perforates the shelf imme- 
diately at the termination of the box and contiguous to- 
hy but does not pass throug^i the box, which must be 
-air-tight. At the edge ef,that part of the bellows 
-which projects beneath the reservoir, is a valve open- 
-ing upward; in the centre of the bellows and on 
the bottom of the cistern, which is also the bottom of 
the bellows, is another valve opening upwards, covering 
an orifice which is connected with a duct, leading out, 
laterally, through the plank, edgewise, to the atmos- 
phere. Into this duct is inserted a copper tube, [D.D.] 
■ consisting of two parts, one of which forms merely a 
portion of the duct, being driven into it so that it forms 
a perfectly tight connection ; the other part is soldered 
to this at right angles, and ascends inclose contact with 
thewitside of the cistern, till it rises two inches higher 
than its upper edge, and there it opens in an orifice 
somewhat dilated; • EaclL6f the four reservoirs may be 
considered as furnished with the apparatus of bellows, 
duct, valves, and tube ; although In the. instrument to 
•which this description refers, there ai'e in fact but three 
bellows, &c. one reser\'oir being destitute of them. It 
remains to be remarked, that each reservoir is furnish- 
ed with a stop-cock, which lies. horizontally upon the 
sbelf and partly imbedded in it, and passes into the re- 
servoir by a short tube of copper, soldered at right an- 
gles with, the cock.. The cocks of the two contiguous 
reservoirs are placed parallel to each other and to the 
sides of the cistern, and immediately contigi^^us to the 
partition which separates the reservoirs, and they are 
connected by a third stop-cock soldered to each of tliem^. 
opening into both by proper 0Y\?vce%, ^iA;\)kvx^ ^^xH>Kv^^- 
when occasion requires, to CQi\i\tc\. >\ve \^^^\^«vx^^ "^^ 
Id fact^ to convert two into one» TYviovx^ ^^^ '^ "^^ 
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t| tt ttie U^es of the two reservurs whidi in 
* u once to %hM &ide of the risleni ' ' 
' s Us b>ck p-in, and to ibe »e19 
O uuo ibc rt:seni<oir li>r tfae insertion of 
e LtLE^ to* D bMW'tupc. These tubes nr 
), tuat nhtle oue p.Lrt >:. pres>«tl liriDlf into tlte: 

'■'*BtoljeiUr-tigbi, Mtoibci- part, at right anglea* 

firtf, iiaa btttwag iii- pretty Wge cur.e. lermioiieiil' 
a. iruni[>«t-u*e utitice, nddpted to the Jn£«(t»»of*t(A 
lomicuLatcijr bcoeaib tbeu; two ori&ccs b a titfc, jF.j 
ntiai±«tl by hingc& to the sule of the cutero. tOfVON 
aUmpfuribe bloK-ptpe ; wheii not in use, itfeaffilf 
the autc of the cisieiti, i^ a raised occsdoiuJif, as * 
is wiicied. 

To «B imeUigent cbemist, it ■will be cbiwusfraniM 
Aticumc perutKil of ibe dc&ciiption, that this iiMi^ 
ment «iU aSoid nil Uic lotlowiag adraniages. 

I. It b ui exlCBsive pneuntalic cislerD, ftich CiO} 
GommoD coDteniencc, OQ a targ^scale. 

3. Bf tbe bellovs Bid iheir appentlag«s coiniiKD 
lir nwy be thiown inio ihe reservoirs, l>y «lilttiinC'''> 
the height of the water on the shelves n»ay 1* sxm*- 
ed itt plc^^tire, when it is too \vs. 

3. By permitij»g a portion of ihis sir to esMpr. by 
opening one of ilie boiizoot*! cocks> thf '. ->■■.'-'- 
-Wilier on the shelvet muy be dimintsLt.' 
thus wc ba\e m&uis ot gmduittkig (hv 
waici preci^ly to our purpose without i. >.' 

■4. We have foiir capacious air-bcdders in tbe nt; I 
pWe where the gases are produced, vtz. in the (ow- I 
Tnaticciuein; thua, four diScreta kinds of gasnmif 
be stored away under water in a spare otherwise lac- 
less. For insumce, common air. fop reguJaiiiig th I 
height of the water, or, for the blow -pipe, To>ij U ia I 
one rcsen wr ; oxygen gas in a second, hydrogen ^ I 
ill a ibivd, and oIelij,nt y;as in a fotirtb, and Ihey ini^ I 
be thus reserved for future use. 

5- The gates ma.-j \ie6.va.-«TO off for use intobtK' I 
glasses, ineTe\"j Vt^j ^vm^yxv^ **n*i^««t-(^M«-^<fcii I 
■withviMeT, o\erti«.\»ot.viw(frA«3t\a. 
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6. It is obvious that the four reservoirs arc In fact 
fpUT large gasometera ; tlicy want nothing lo entitle 
Ibeon to this character, excepts scale, wliich a mode- 
rate share of iogenuity woiiid easily adapt, to them ; 
Uie gases may be delivered inio them at once by crook' 
e4 tubes passing fvorr) the.i;as-bottles, andiiny gas con- 
Coined in a bell-glass miky be thrown into a i-eservoiri 
"hy a single stroke of the bellows. Tor this purpose a 
-crooked tube cojinected with that which Leads to the ' 
bjBllows and terminating in the well beneath an air jar, 

ift all that is necessary. Or, by biiring the arm, the 
,^M may be thrown up by the hand, into the reservoirs, 
we jar bqing pushed down through the water. 

7. It affords an excellent blow-pipe for common pur. 
-poses and for the fine experiments with oxygen 

gas ; and, by fitting to it Mj-. Hare's very ingeni- 
ops apparatus of the silver cylinder, it. becomes 
the cajofiound blaw'/iifle, for the invention and appli- 
cation of which be deserves so much credit. By 
the same contrivance water ia formed with the greatest ' 

fitcility by burning the two gases as they come irom 
their respective reservoirs, and iiisue at a common ori- 
fice, coveiing the flame with a receiver. 

8. The inflammable gases being conijned beneath the 
pressure of water, will issue at any orifices, where ihey 
are permitted, and thus all the ornamental as well as 
useful purposes to which the combusliun of these gas- 
es IS applied, may be. e\hibited ; particularly, the 
gas from fossil coal may be made to bum in revolt- 
ing jets, stars, and other fanciful and \iscful forms, 
merely by substituting for a blow-pipe tube, the appa- 
ratus proper for this exhibition. 

All these purposes, this instrument has fully answer-. 
ed during several years ; and it may be confidently re-. 
Opmmcnded to lecturers on chemistry, and, on a small- 
Cf scale would be very valuable to a privLite chemist. 
A forcing pump might be substitmed for the bellows, 
with a saving of the space which the bellows occupy, 
but it would bi; probably l^ss convenient in practice. 

Tiiia first idea of this instrument was suggested by 

Mr. Hare s compound blow-pipe. ^to% w\«Wcikk«*i I 

to t/iai g^niieman, the subject wia'p^'aae'^M'^^^^'^'^**'^".^ 

moo, ajii/ so far m.itiued ih^t k was *£i.e'™a.i;4a «,■(.«."*«•'* 

kr the writer, B. Silliman. I 
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T::r ?x*.en^ivc iniir.v ofm^nvcf ihe r.ati3!il ik^^- 
. ::-> hts bee:i long estaWLshed by ibe expverienct •:: 
-.:-■.. It/^!. iZ'A ssnciicned hy the opinioriS of the 2"?: 
-■', -"r.'a\ rrscirj^ir.crs of cverv enIi::i.terod ccrr.'jr^ 
. ■» V : c : '.■. '^a: c i -j :- i y s i s of a! 1 the ir. o?: i n.pc: vv. i'- 
-*.■=: -re'ebme:'. mineriJ ":*-itcrs hjLS \:\i-'?. accor.;'::''^-' 
:. :r?"^ r^r-.r-c^c-t 'o the task ; trr- ve 5.re - -*? •"■ 

r r i % :■: or- ly cone e jT.ir. .:;r i he r.c: u •■;■, bi : •.:.•: ; '•'. '• 
: -if '.r.? ir:g-rec;en*s v.hich they cczr^jr.. Thj' 
: . ii":icr t^j ^lii^'srr. *, such as vvr.e: en w- 

/-. rr r2fr. -E-p-abiC of being: ccir.bii.ed -^i" ■■^' 

■^. .-. To bo*h of these the niir,era! waters c-^f'-t- 

; :::-.-iil;x:wer&- ard to the Ijf.cr alone, ciic^r/:* 

. ■. .'^-^ .'■-> arJJ, their peculiar acii^hy* brliSTiKa si^ 

r :.r reDcv 

! ■ .^ c :r.L: -.""-cr-rc of irtin . : ..: TTilriCTil w::e-^'. •-: 

.. * . • - . 

:. - : Mcl in. till the ^vate^-^ acniiire a I'cc-*" 
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^ ~ i. .• j- --J-: d L J : i-i i: V far s u rpi s s-in ^ ar v ■ ■ . in c 
. c^tr exhiL:: m n:.:-^re. The Jn"ip:es/:.r.. 

rv f-oir.e, '.h-r -a r^:"i;<:-^t hi. it-tic n if '.he 
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- ■ ;~wi *'.j:ers 1- irrjpr^^L-^^Ie. is ihcrefc e e-qv.-'ly ■.■■•■| 
■ • ■ :^ :. c ceci?:-»rjsof ::ood sense, as i: i> i-e 7 •::'.' 
.. •. -r^r.tr.ce ; :c7 zi Loriuors, in Paris, l•■li^ ir. rr.-:' 
: ■ cr ^-c-i: :c.'vri<. cnij-xia.! n^hieial waters :.:•- --' 
-. .: :'v-:c^ : cT.ic. -50(1*3 a great extcn:. 

I:^ the :.:tin:L_". -rii-.ers. we alx^xvs hive it In ■ *-'?'■ 
7. :■? Itu'Ne o'Ji r.oxic'js, or useless inrreLicr'.^: 
> -.'?:;: wte cihers. :Jid :o vary the prop>onic:.> -: r'.:.^ ■• 

livery species of mistral Waters i^liLtcer c.r. • 
t^Iv.'XlI by un. but the principal cr.es that .V-'t "n' 
-:.; j^ir'.cd in this coumrv, are the Ba]Isio\t7). Sod., ^' 
'; c iii.izer waters. 

B.iLLSTOW.V WMTF.R, 
VV.c "Ra\\s\o\^Tv 'W.xtT \s X5t\i VYior^rcw \cv >i«NR:X.--r.<V 
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RBsdy against gravelly complaints^-a tonic to the 
itomach, and generally to the system ;^-not lo meutiMi 
.ta.efiicacj' against rheumatic, and cutaneous complaints, 
when applied etternally, as well as intumally. It re- 
Diains to be added, only, that the aniiicial Ballatown 
Krater is found by experience to produce the effects oi 
the natural water ; ii is however moi'e powerful, and. 
^erefore an equal quantity produces more marked ofi 
iects. I 

SOD^ WjITER. ' 

The Soda water is not an exact imitation of any natu- 
ral water, but has been directed by medical men as a 
remedy in a mimbevof common atid troublesome com- 
|>Uints. It is oi'dered in the pharmacopeias aiul dii- 
pensatorlcs, andtheir pi'escriptions should be followed 
in this manufacture. It is a complete remedy against 
sourness of the iiiomachi commf^nly called heartburn, 
mnd in moat cases of indigesiion and weakness of the 
stomach it is very useful ; gradually restoring the appe- 
tite, and with it the tone of the orRsn ; it is a prevent- 
ative of many of the diseases of the stomach and bow- 
els, which proceed from acidityj and for the same rca- 
aon it often removes or prevents the sick head-ache. 

As a palliative, and even a remedy, in some cases of 
Tirinary calculi and gravelly complaints, it is preferable 
• o the Ballslown water. It may prevent, arrest, re.iard, 
nr remove the complaint according to circumstances. 

The Soda water is also a very rcfi'cshing, and to most 
persons a very grateful drink, especially after heat and 
fatigue, and may be made a complete subsiiiuie for the 
beverages of which ardent spirifs form a p»rt. — Witli 
wine and sugar it is very grateful. 

SELTZEU WATEP. 

The Seltzer water has long heen known, and ia 
the most famous of the natural mineral waters of EU'r ' 
rope. On account of its agreeable taste, and cxhilira- 
tipg effects, it is largely u^ed at table, and as a beverage 
St all horn's, tt is a diuretic, and possesses considera.*. 
We efficacy jn nephritic and UiinBiT^ tonvv'^Kitfa-, ' 
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very useful agunst bilious and dyspepilic affectkns, mi 
in many cases of cutaneous eruptioDs. 

It possesses a pecuSar power of alla^^g fcTerish ih 
ritationiand has ^kne much service in slow hsctic kwa\ 
it roizes well with milky and is thus used with advantage 
by hecdc patients. — It is used also with sugar and m 

The manuflBicture of mineral waters upon comd 
chemical piindples was undertaken in New-Haic% 
Connecticut) about three years ago ;* and during thebl 
summer, a public establishment for this purpose was 
opened in the same town, under the directioo of Pro* 
fessor Silliman. 

An establishment of the same kind, and under (k 
same direcuon, was effected in New-Yorkin ApiSflf 
thi« year, (1809) by Noyes Darling & Co. FoQDtin 
of Ballstown, Soda, and Seltzer waters wereopieoedii 
the bar of the Tontioe Coffee House. The cistensitc 
placed in the cellar, and the waters bjfc conveyed kits 
the bar in block-lin ti^s, which pass up into mahogaaf 
pillars, crowned with gilt urns, lettered with the namei 
of the respective waters. The pillars, with their urns, 
stand a foot apart, and the middle one is raised above 
the others; silver stop-cocks inserted into the sides of 
the pillars, give the whole much neatness and lichnefi 
of appearance. 

The proprietors of this estaUishment intend, as « 
um?erstand, to open fountains at the City Hotel, in tb< 
month of May, in a spacious room, fitted up and onfi- 
mcnted in a handsome style, and adapted to the accoffi* 
modationof ladies as well as gentlemen. 

The Ballstown and Seltzer waters are prepared acccr* 
ding to an accurate analysis ; and in order to give tbe 
Soda water its pr(^r efficacy, it is made with die full 
proportion of Soda directed by the dispensatories. 

The waters are bottled for exportadon, in any qusi> 
tky demanded. 

Soda water has been made in New-York by Mr- 
Usher, for a year or more, and has had a good repufr 
tion and an extensive sale. It has been sold frooi 
fountain, and in stone bottles. We understand thatH 
is about to extend his establishment. 

There ViaNeVifcwv, ^w «swNfc <vcMt^ Toflxiufactorias <{ 

xuforna^ thai \h^^ 



\ 
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HtirDnsmiited. Ilencc the importance of afuitvbiic 
HplQtir, uhcn cloth lit to receive bright dyes. Iltte 
^Mccts all ihc raj^s in abtmdance, and thcrefoiv ■■ 
P0H»iir nioj- be givcti, by covering it with a Aje in 
Mihicli traiismils only sotne particular rays. 
. ir ihc rolounitg matters were inerclr sprtadow 
L^e surface of i!ie fibres of cloth by the dyer, Oa 
Uplours prntuced tnight be very bright, butthey cs«lt 
BJBo i be ptitnanent ; bcCAuse the colouring maiiertnitt 
^Hb very soon rubbed ofT ; and would totally tliappa 
■picncvcr the doth was waGlied, or even barely «;» 
^U to ilic weather. The colouring matter then, «»■ 
■ver perfect n colour it possesses, is of aa valne, ratal 
mt also adheres so Srmly to the cloth that none of * 
BBbstanccs tisually applied to cloth, in order to clan ii 
HBc- can displace it. Now this c3.n only liapjHDi vlitt 
■acre is a strong offimtij between tlie colouring nttfti 
^Htl llie clolh, and when tbey are actually com^ittdt^ 
Ifcther in consequence of that afiiiiity. 
■& Dyeing then is merely a chemical process, Bid «• 
Bp is in combining a ceniun colouring mailer mib GbH| 
Ht clolh. This process can in no instance be prriiltaM 
Btf i unless the dye stniT be first reduced to its cntcpM 
HBrticles ; for the attraction of aggregation betrat 
■Be panicles of dye stuffs, is too great to be oreKO*! 
Hw the affinity between them and ttie cloth, uqIuo 4>i 
Bbuld be brought within much smaller d)Btat^|^H 
HEjiossible Tvbile they botli rem--un in a solid l^^H 
^KieccKsary, therefore, previously to dissolve UlfU^I 
WaQ matter in some liquid or other, which hM ItjH 
Rcr ailinity for it than the cloth has. When the eB^ 
y Wped into this soluiion, the colouring matter, r^UC 
L«Bhy tliiscontrii'aiiceto aliquid state, isbrougbn^ 
rJMlhe attracting distance ; the cloth therefore acts Upis 
LM and from its stronger affinity, takes it from llie«* 
rra&t and &ses it upon itself. By this contrivance Wi 
Mfi* equality of the colour is in some measure UClliet 
ni^veiy part of the cloth has an opportunity of iltafl 
Ing to Itself the proper proponion of coIoura^^H 

^"The fiicittt^ Tilth which cloth imbibes a ijye, ^^| 
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Sid the dye stuff, and the affinity between the dye-stuff 
ind its solvent. It is directly as the former, and in- 
'crsely as the latter. It is of importance to preserve. 
, due proportion between these two affinities, as upon 
hat proportion much of the accuracy of dying depends. 
f the affinity between the colouring matter and the 
loth be too great, compared with the affinity between 
he colouring matter and the solvent, the cloth will take 
he dye too rapidly, and it will be scarcely possible to 
prevent its colour from being unequal. On the other 
landy if the affinity between the colouring matter and 
he solvent be too great, compared with that between 
he colouring matter and the cloth, the cloth will either 
lot take the colour at all, or it will take it very slowly and • 
r«ry faintly. 

"Wool has the strongest affinity for almost all colour- 
ng^ matters ; silk the next strongest, cotton a considc- 
ably weaker affinity, and linen the weakest affinity of 
M. Therefore, in ord^r to dye cotton or linen, the dye 
tuff should in many cases be dissolved in a substance 
CKT 'Which it has a weaker affinity than for the solvent 
fsdpLoyed is the dyeing of wool or silk. Thus we may 
ite oxyd of iron dissolved in sulphuric acid, in order to 
Lye wool ; but for cotton and linen, it is better to dis- - 
lolve it in acetous acid. . 

"Were it possible to procure a sufficient number of 
X>louring matters, having a strong affinity for cloth, to 
ixiswer all the purposes of dyeing, that art would be ex- 
:eedingly simple and easy. But this is by no means 
lie case ; if we except indigo, the dyer is scarcely pos- 
sessed of a dye stuff which yields of itself a good coi- 
Hir^ sufficiently permanent to deserve the name of a dye. 

This difficulty, which at first sight appears insur- 
mountable, has been obviated by a very ingenious con- 
:rivance. Some substance is pitched upon, which has a 
strong affinity, both for the cloth and the colouring mat- 
:er. This substance is previously combined with cloth, 
i^ich is then dipped into the solution containing the dye 
Stuff. The dye stuff combines with the intermediate 
substance, which, being firmly combined with the cloth^ 
Becures the permanence of the dye. ^vtosXasvce."?* ^"vpl- 
jloyed for this purpose arc dcnomm?t\cCL mordants* 
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f The mon imporiaut pan or dving, UuDdoub(«il)fti 
]ropcr choice, »nd the proper applicutioii 
s upon thcnt, tlic peiinaneiicy uf almost 
►ends Evcrj- thing which has been s: ;,' 
RppUciLtuin or colouiiDg inatters, ayv'' 
^^ppUcation of mordants TheyTnu:^E < 
^Ivcd in some iiquid^ which has u y 

11 than llie clulh has to which ihcy at-c ui be Jii&oi-! 
ind the cblh must be dippedt ur even Gtccpcii inDi^ 
it^lution, ill order te saturate Itself wiih the nigitbnl. 
Almost the only substances used as incrdMitii n 
krths, mctalir oxyds, tail) and oil, 
' Of earthy iiiordanta, the most important, and UI 
'{cnerully used) is alumine. It is used cilbet is d* 
iliitc of common alum, in wliich it is comt^i* 
Sulphuric add, or in that of acetiie of iduuiine- 
Mim, when used as a morduut, bdisselvedii) 
Hid very fit<iuently a quantity of tartar is 
lohg with it. Into this solutioo the cloth ' 
ftepi in It till it lias absorbed as much alum 
tcessary. It is ilien taken oiit) and Tor ili 
vashed and dcietl. It is now a good deal 
^ii wna before, owing tothe Klumine which ' 
f Vith it. The taiiar serves tivo putposea 
yhich it contains combiiits wjih the sulptii 
1, and thus preyenta that vei^ cot 
_ mcc fi-om injuring the textui-e of the chiUi, wtidl'1 
Si-wise might happen ; the tartareous acid) on ilied 
■band, combines with part of the alumine, i 
fjaitrit of alumine, which is more easily dcci 
f^e cloth thanalum. 

jtcetiie of atumnt has been but lately ii 
ing. Tills niortlant is now prepared by 
e of lead into a solution of alum ; a doutde 

ti takes place, the sulphuiious acid g< 
ielead,andUie compound precipitates in I 
Kpsoluble powder, while the alumine conil 
acetous acid, and remains dissolved in the 
mordant is employed for cotton aiid linen, wl 
IBeaker offituvy thaiwvool for alumine. I 
better Uian aWnv, ft^t tVnOaXa \w«si 
with alun^Tie, BiW\M)3i.«s,"w«« 
and a more peYmw^<i». t^oM-;. 
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Besides alumine, li?ne is sometimes used as a mordant.- 
C^oth has a strong enough affinity for it ; but, in gene- 
ral) it does not answer so well, as it does not give so 
good a colour. When used, it is either in the state of • 
lixne water, or of sulphat of lime dissolved in' water. 

Almost all the metalic oxyds have an affinity for cloth, 
but only two of them are extensively used as mordants, . 
namely, the oityds of tin^ and' of iron. . 

77ie oxyd of tin was first introduced into dyeing by 
KvsTER, a German chemist, who brought the secret to 
London in 1543. This period forms an era in the his- 
tory of dyeing. . The oxyd of tin has enabled the mod- 
ems greatly to surpass the ancients in the finess of their 
colours ; by means of it alone, scarlet y the brightest of 
sill colours is produced . * 

Tin, as Proust has proved, is capable of two degrees 
of oxydation. ' The first oxyd is composed of 0.70 
parts of tin, 0. SO of Oxygen ; the second, or white oxyd, 
oiO, 60 parts of tin, and 0. 40 of oxygen. The first oxyd 
ftbsiorbs oxygen with* very great fecility, even from the 
air, and is rapidly xonverted into white oxyd. This fact 
makes it certain j that it is the white oxyd of tin alone, 
frhiich is the real mordant ; even if the other oxyd were 
applied to cloth, as it probably often is, it must soon be 
converted into white oxyd, by absorbing oxygen from - 
the atmosphere. ■ 

, Tin is used as a moi'dant in three states; dissolved 
in' nitro muriatic acid, in acetous acid, and in a mixture 
of sulphuric^ and muriatic acids. Nitro muriat of tin 
is the common mordant used by dyers. They prepare 
it by dissolving tin in diluted nitric acid,' to which a cer- 
tain proportion of muiiat of soda, or of ammonia is ad- 
ded. Part of the nitric acid decomposes these salts, 
combines with their base, and' sets the muriatic acid at 
liberty. They prepared it at first, with nitric acid alone, 
biit that mode was very defective, because the nitric acid 
very readily converts tin to white oxyd, and then is in- 
capable of dissolving it. The consequence of which . 
was, the precipitation of the whole of the tin; To rem- 
edy this defect, common salt, or sal ammoniac, was ve- 
ry soon added ; niuriatic acid 'hav\i\^ \^^ -^xci^^tv^^ ^i*? 
djsselviDg ^ylnie cxyd of tin \trv xt^i^^^^ K^*^^"^^**. 

Ff 3 
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rabSe snvingoSiutricacid'nugbtti^ otmhirt^hy «f^ 
ing as Tonifh sid^iiuric acid •»» joit JMffickiitlaMB^f 
rate the b»ic rfti>» cqnupcia aaitt <m: irtrnniwriir c*^ 

ployed. - . '- 

When tiM luOEO^Bilirilit of tift i^tebei«t4r«»«i>v^ 
dant, it 13 ApM^ved i»Kl«r^^pianAy'af mMHinlftfr 
clodi 19 dipped 10 th^nbitiqv^ and dkmod>to i%mmvk 
suQfdently tttoFated. fr 1^ tlH» mkn ant, wiiMiMif 
and dried. Tamr 19 iui]|d)]f( dissoirod ia tltifrvM:- 
aloDg ivith tbe lutTD miir&iit. Tbe.couQqiioQoeaCMv 
is a douUe decompontioi^, the; iuiiBO'iirar]fltic;add-6i»» 
bines with the potash ioT thn teitarv wiiilci thtctutupn^ 
?.cid ctecdves ^ <a^d of do*. Wlieii«lulu' l« omjIk' 
ihercfivre, 10 anjr Qoarid o wd d e qnantitjrt tfapi tfvyrfttV 
not a nitro-XDiiriat but a.tpirtrit m 6^ \- 

Iron, ISte tiii» i» capabi^^C tvo d^gnae^iiC qi^A^ 
tion ; bui the green oxyd abwute afgeii>aa ladh 
from the attnqsphenit tbatk ia. vgay aaq» uu in crt BL 
into the red Q«yd« It, is^ mAj tbi^ iaiu- oi^d nkith ii^ 
really used, as a mordant in dyeing.. Th^ green oxy^. 
is indeed, soinett|{ies applied to c^tb ; tait tt very booh. 
absorbs os^gen, and Vf converted qito the red oxydr^ 
This oxyd has a very strong affinity Ibc all kiadso^ 
cloth. The. permanency of Hr^ iron spots on Uocnnii- 
cetton is a sufficient proof of thi§. As a. ipcmdsnt» it 'a« 
used in two states ; i|i that qf sulphat ctf*- iroOf and. 
acellte of iron. The first is commciily used &r moL 
The salt is dissolved in water, and the ckith d^^lst 
it. It may be used also fpr cotton, bat hx most oobi. 
acetite of iron is preferred^ It is prepan^ hf dissolve 
ing iron, oritso^iyd, innnegar, sour bfaer,, S(C. and d«: 
longer it is kept, the mgre it i^prelbrretd. The rea- 
son is, that this mordant succeeds bc^ when the iroaii. 
in the state of red oxyd. It would he hctter theatOi 
oxydate the iron, or Qonvert it ifito rust, bdbn aiiD| 
it ; which might easily he done, by keeping it foraooiB 
time in a moist place, and sprjnkluig it accaaiqmll^. 
vith water. . . 

Tan has a very strong affinity for; okitlis^^nftftris-- 
veral colouring matters ; it is therefiM*vttiy i^'eqacidf 
employed as a. moT^^QcvV ^^ \s&»Qfisc^<^ tiaf-fiii» ^ 
of mmachf gv w^ ^Wex ^\&«>»w^ ^»scs:£idMM|,^ '^ 
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11 wuter, aiKl the cloth is dipped in ibis infuuoof 

inri allowed to remain till it h«s absorbed a sufficient. 

(ULUitit/ of tan. Silk i» capable of absorbing, a very:, 

jreat pTOpoitiQii of tan, and by tliat means acquire^i 

n-cat iiicirase of weight. Manufiiwucei's somctin^ 

\ ] I ploy this nietliod of iocreitslng; the weight of ^kj 

'I'.iii is often employed -ilso, sJong with oUier i 

i',^, ill ortler to prixluce a coRtpouttd-nioftianL. 

..Iso u»ed for the sunte pui^posei in ihe dyeing of^' 

t'liiaud linen,. The inordams witli whitli tan. most 

\. :.]iiently is combined, arc alumioe, and osyd of iron, 

Besides ihesc mordants, ibeve-are sevci'al other siib- 

tanccs frcttuently used as auxiliaries, eilher to facili- 

Kt@ llio coiubinaiion of the mordonc with the cloth, or 

a iilter the shade of colour; ibe chief of these are 

-irnir, aci'lite o/lcad, coiiunaii aa/i,, sal aiiiriioiuac, tuJpfia>- 

Mordants not only render ihe dye permanent, but 
lave also consider j)le inflHencc ou the colour produ- 
ce!. I'he same colouring matter produces very dif- 
jtrrait dyes, according as the mordant is changed. Siip-- 
lose, for instance, tliat the colouring matter be cochi-- 
leal ; if wc use the aluminous moiilunl, the cloth will 
kcquire a crimson colour ; hm the vi.'^A oi' irou piwlu-- 
leB *vilh It a bU\ck, 

lu dyeing ihen, it is not only necessary to pixicure a 
nordant which has a sufficienily sti-ong affinity for Ihe 
i^oiiring matter and the cloth, and a colouring inatler 
vhich possesses the wished for colour in perfection, 
Mil we must procure a mordant and a colcuiing matter' 
>f anch a nature, '-hat when comtaneii together^ they 
shall possess the wished for colour in perfection. It is 
avidont too,, that a great variety of colours maybepi'o- 
duced with a aingledye stuff, provided we can change 
the mordant sufficiently. 

The colouring matter with which the cloth is dyed, 
does not cover every portion of its surEice ; its parti- 
cles attach themselves to the cloih at cetiain distaiiccB 
from each other ; for the cloth may ba dyed diffei'cnt 
fihades of the same colour, lighter or darker, merely 
~ r varying the quantity of colouring mattet, \V'«K 

" Uqtmn'Uy, the shade ia ligVU", ani v. V.U3&\|«^ 



deeper as Ihe MBflk^ tncivMetl Mir ilii^iP«tfM«^ 
imposiibley if* «e . dy«^flbiff ceyefo^jdi^iiiicfe ct#7 

cVpth. • ■ • . '^' ''''•'' '} 

That the pudcles of cqjoanp^ icii^ 
the shada u dieep, arei«t aoito^ difllMm^ fe" jwk' 
from duiTwen knorim M^^tfigt-dcMi nu^^ 
c^ourt^.at die, MUOMvtiite.'. 'Al^'thicMMr rao|^ 
which die dyen pfe^dte. name ot.xomtfkmif .are 3r 
&ct two ^Bffierent coknin applied tiniio/elodiatQDia.' 
Thuscktii getji a^mii;<»ibii%*4>j bei^<^ 
Wwtf and fhemyeUow.'. ' • ''•- ^-y * - ^ ii-i-"- "*"''' 

The cokmn dbnomiattted tqi dyeihi ifti^hfc^ beeaae: 
they aie the faindntioii Qf4in,tlmr:c<iierpi!oceaB%Jit: 
ibur; namelyy firtt, ^&eei aecond^ yrOov/^tlnd^fltji 
iburth, 6iiick. To t^ieae diby itaajf^j;;. adf «:fi&h» Iffer? 
thenameofjr(»foi:>tHa9trO(db|i^\./^^' v iv \- 

• ■ 

Of' Dyeing -JBhifi., /; - 

The.only.colounng matters employed in^dyiDf bhB)-. 

are vmuI and indigp, . 

• 

^rbat/ is .a plant cultivikted in this^kingdioinf andetei- 
growing wild in some parts of England.. . ' 

Indigo is a blue,.powder> extracted fronir a 8peciei> 
of plants which is cuUiyated for that puny)se iatia. 
East and West Indies. ... These . plonts contain^ a peon- 
liar green ppllenv vhicb in that state is soluble in mttr. 
This pollen has a strong al^ty £cmoxvgen» which »' 
attracts greedily from the atmo4>here ; m conseqneKt- 
of which it assumes a 6to colour^ and.becomea mvhh 
ble in water^ 
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Indigo has a very strong ^afikuty for wool) silky cot' - 
ton and linen. Every kind of cloth, therefore, rraj 
be dyed with it, without the assistance of. any mordant 
whatever. The colour thus induced is veiy penDfr* 
nent ; because the indigo is already saturated with ok- 
ygen, and because, it is not liable to {>& decomposed bf. 
those substances, to the action of which the cloth is ex- 
posed. But it can only be applied to cleth in a state 
of solution ; and the only solvent known being 80^0* 
ric acid, it would seem at first sight» that the suljto 
TIC acid ^\\x\kis\V& ^^ cssii^^ %^a^j^\&i'^)A^^]Xldigp cwbe- 
eiinp\o^^d«k&^^^^x ' " 
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; suiphat of indigo ia indeeii often used to dye- 
A and silk blue ; but it cun scarcely be applied 
t cotton and linen, because the aSinity of these lub-- 
s for indigo is net great enough to cuBble tliem 
jlily to decompose the suiphat. Tlic colouc given 
tsulphat of indigo is exceedingly bcautiliil ; it ia 
n by the name of Saxon biuc^ 

Of Dyeing Yethia. 
Jr he principal colouring mattera for dyciiig yellow 
I weld, fustic, and quercitron bark. 
iLWcld Is a plant which grows in Ihis country, 
\^jpitstic is the wood of a large tree which grows in ihe 
H/'est Indies. 

|, fjuerdtron is a ti'ce growinj; naturally in North Anaer- 
~l, the bark of which contains colouring matter. 
LThe yellow dyed by means of fustic is more penna- 
nt, but not so beautiful as that given by weld, or qiier- 
i it is permanent, and not much injured by- 
Kcids, it Is often used In dyeing compound colours, wliere 
a yellow is reciuircd. The mordant is alumine. When 
tlie mordant is oxyd of iron) fustic dyes a good perma* 
cent dt-ab colour. 

Weld and ijuercilron bark, yield nearly the same kiiid 
ei" colour ; but as the bark yields colouring matter in 
uiuch greater abundance, it is much more convenient, 
and upon the whole cheaper than weld. It is probable, 
tlierefbre, that it will gradually supercede the use of 
(hat plant. The method of using each of these dye 
•■mils is nearly the same. 

Of Dyeing Rrd. 
L The colouring matters employed for dyeing red,, are 
Si coc/ihteal) an/til, madiicr, carl/uaniU) and Brazii- 

iines is a species of insect, affording a red colour 
f solulion in water ; but it is not so beautiful as cochi* 
which is likewise an insect [bund b Ameiica^— 
e decocdon of cochineal id a very beautiful ciimsoiv 
Alum br^htens the colour of the decoction^ 
_d occasions a crimson precigitatt:. M>JlBX«a^ ' 
'b copious &nc red precipttale. 
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il u a paste ibrmcd or a species of Ikhea fB 
ntl kept moist for some lime with stale una*. 
Mtutder is llic foot of a well kiiowti plant, 
fcarthamusis ibe flower of a plant cvrl' 
1 the l^vuDi. It coutaiiiB two colou 
', which is soluble in ivater. anil u 
trr, but soluble in alkuline carboniu - 
tng inatler of carthatmis, cxtniciL-".i 
r, aittl precipitated by lemon juin . 
y used by ladies as a p»int. It is - 1 
lacertainquamity of laic. Thciijn 
llihe proponion of it niixcti with tlie ciirtlurui." 
' in the (lilfevcncti between tlie cheaper unci i 

a of rouge. 
Brazil wood, is the" wood of a ti-ee growing b A_ 
Rand the West Indies.— Its decoction is a ficen^K 

f the red coloiirfiig matters hi 
hity for cloth aa to produce a perm;',;.L 
J assistance of mordants. The moi . 
je aluniine, and oxyd ot tin ; oil, and t:i. 

e also used ; and tartar atid i'. 
fe frequectly called in as uuxiliaries- 
tWool may be dyed Bcarlet, the most splewlltlrf^ 
"■'— irs, by first boiling it in a solution of murio ■!» 
of dn, then dying it pale yellow with ()ueit&4 
^, and afterwards ciintaoBt with oochlnol; ftt 
nrlet is a compound colour consisting of eriftuon nJi^ 
d with a little ycUow- 

Silk b usually dyed red with cocliineal, or c«&* 
tons, and sometimes with Brazil wood. Keirncs^. 
bt answer for silk ; madder is scarcely ever uied^ 
nt purpose, because it does not yield a ccdourbriffl 
Snough. Archil is eniployed to give silk a btouin ; oi 
" ' ffccly uaed by itself, unless when the Co)i« 
IS iitac. 

Silk may be dyed crimson by steeping it in a irtf 
<ion of alum, and then dying it intlie uibtiul way at 
-ocbineal bath. 

&i\k caiwiti\.\ic A-jti dl M\ warleti hm a _ 
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in^ the stuff with murio sulphat of tin, and afterwards 
lyeing it in a bath, composed of four parts of cochineal, 
,nd four parts of quercitron bark. To give the colour 
nore body, both the mordant and the dye may be re- 
peated. A colour approaching scarlet may be also 
pven to silk, by first dying it crimson, then dying it 
irithxarthamus, and lastly^ yellow without heat. Cot« 
on and linnen are dyed red with madder. The process 
VBS borrowed from the East. Hence, the colour is of- 
en called Adrianople, or Turkey red. The cloth is 
irst impregnated with oil, then with galls, and lastly 
vfth alum. It is then boiled for an hour in a decoction 
»f madder, which is commonly mixed with a quantity 
tf blood. After the cloth is dyed, it is plunged into a 
oda ley, in order to brighten the colour. The red 
riven by this process, is very permanent, and when 
3roi>erly conducted, it is exceedingly beautiful. The 
v^hole difficulty consists in the application of the mor- 
Lant) which is by far the most complicated employed 
n the whole art of dying. 

Of Dyeing Black, 

"TThe substances employed to give a black colour to 
doth are, red oxyd of iron, and tan. These two sul>- 
ktances have a strong affinity for each other ; and when 
x^mbined, assume a deep black colour, not liable to be 
lestroycd by the action of air or light. 

logwood is usually employed as an auxiliary', be< 
rause it communicates lustre, and adds considerably to 
he fullness of the black. It is the wood of a tree which 
s a native of several of the West India islands, and of 
liat part of Mexico which surrounds the Bay of Hon- 
hiras. It yields its colounng matter to water. The 
lecoction is at first a fine red, bordering on violet ; but 
if left to itself, it gradually assumes a black colour. 
^cids give it a deep red colour ; alkalies a deep violet, 
Ki cUning to brown ; sulphat of iron renders it as black 
ls ink, and occasions a precipitate of the same colour. 

Wool is dyed black by tlic following prtKCSs : It is 
fe^iled for two hours in a decoction of nut-galls and af- 
^rwards kept Cor two hourn more in a fjath composed 
^f logwood and sulj^hat of iion, kc\>l duuT\V^>3i^t >Aa>«. 
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Htnenl a t a i S ne beat, but not boU«d. DuiiBgl 
cniwn it Toaa be frequently exposed to the i ' 
caoae ibe -gnea oxyA of mm, of which the si 
compoatd, inxist be coo\-e«ed into red ortyJ by 
ittg oxygen, before the cloih can ncxjiiire a iitT>pcr 
our. The eommoo proponions are fiwc prts of gUA 
ftre or sufpfant of iinn, and tMny of logn-ood, (»tcwy 
' dre4 of cloth. A little acethe of copper, H con- 
tSf added to the %ulptiat of Iron, becsoe ii it 
)ogbl to improve llie coJoiir. 

fiilk is dyed nearly in the same nismer. It is t^^ 
IFcombtniog nith agreatdeal of tan ; the ^uantilt^ 
' at the pteasure of the artist, b}- aDovn^tte 
tin a longer or shorter time m the dtcwi* 

G^ Hying Cam/maid Cokfort, 
Compound colowrs are produced by mixing tcStAo 
nro simple ones ; or, which is ihc same thing, viif 
; cloth &rst one simple colour, and then MMhtt'— 
e colours lary to inliiuty, according to tlie pTOfi*- 
a of the ingredients enqdoj-ed. TheynuybtX* 
lugeil under the following classes : 
I Mistnresof 1. Bhie and yellow ; 3. Btnexidwil 
"t Yellow and red ; 4. Black, and oiber cblaurs. 
f JltfiWft of blue and y<lioK'. This lbnn& gtttt, 
'i distinguisedbydy«rs into a variety of state 
ig to the depth of the shade, or the prenhn 
F either of the component ports. TInis we Ii" 
^ja-green, graas-grecn, fita-grten. Sec 

Wool, silk, and linen, are usually (ly«d giMh 
by giving them first a blue colour, and aficrvira ^ 
ing them yeilow ; because, when the yeUow is 6nt 
given, several inconveniencies follovr ; (h« yeito"!^ 
ly separates again in the blue »at, and comnttmions 
a green colour to it, and tlitis renders >t tufk^n iat** 
ery other pui-posc, escepi dying gre«o. Any rf ** 
usual processes for dying blue and jrelktw msy h 
lowed, taking care to proportion ibe i" 
shades to that of the green required. ^ 
of indi^ \s ettvplnv^cl^ it is usual to mix aQ tl 

duces whaiis VwpKtv ^ iSaavx 
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1 1/ blue and red. These foi'iii 
bes of vicikr, purfiU, and lilac. Wool U generatfy 
\ dyed bluci and afterwards scarlet, in the usual 
poer. By means of cochineal mixed with sulphate 
(ndigo, the process may be performed at once. Silk 
S first dyed ciimson, by means of cochineal, and then 
dipped into tlie indigo vat. Cotton and linen are flrat 
dyed blue, then galled, and soaked in a decaciion of 
logwood i but a more perraaocnt colour is jpven by 
means of oxyd of iron. 

Mixtures ofyellinv ^nd red. This produces orange. 
When blue is combined \vith red and yellow on cloth, 
tiie rcsuUing colour is olnie. Wool may be dyed or- 
nigo, by first dyeing it scai'lct, and then yellow. When 
;■. is dyed first with madder, the result is 



— Silk is dyed orange by means of cartliamus ; a cin- 
- Bamon colour by logwood, Brazil-wood, aid fustic mix- 
«■ cd together. 

' Cotton and linen receive a cinnamoo coloui' by means 
JT of weld and madder ; and an olire colour) by being 
• jfflssedlhi-oughablue, yellow, and then a madder bath- 
Mixtures of black viith other colourt. These consti- 
tute grtys, drabs, and iroivna. If clotli be previously 
combined with brown bxyd of iron, and afterwards djred 
yellow with querdli'on bark, the result will be a drab 
_ of different shades, according to the proportion of mor- 
dant employed. When the proportion is small, the 
colour inclines to olive or yellow ; on the contrary, the 
drab may be deepened or saddened, as the dyers lerin 
it, by mixing a Utile sumach wiUi the bark. 
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TAJ\'.yijVG. 
Tanning is the art of convening the raw skins^ of 
animals into itafAf)-. Si-i'nsure llic gcneralicrm for the 
ihins of calves, seals, hogs, dpj;K, 8ic. As the meth- 
ods of tanning in general \ist have been found ledious 
and evpcnsive in their opeiadon. various schemes, at 
different times, have been suggested to ahotVeQ ^Js& 
:c35 and lessen the cxpena 
Gs 
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k UgUl iias been tlirown b 
1 Uio llicory of iiuininj-. M. 
A particulflrlf (lUungiii^ietl iiiniscit 
I this subject, and much impro\t 
HiniT)-. 

A fcw year* since W, Lesmond ubtalnel a pat 
pr pnciisuig Seguin's method hi Engluid. He (fr 
juned tiie tanning principle by digcsimc oak but. * 
)ihcr proper uiikterials, iii cold \ratcT> in m appnO 
gaily similar lo tliat used io the saltpetre **iAi>- 
Tint 13 to say, the water which has «miiiijed iipoolW 
owdcrcd bark, a certain time, in one vessel, a iliM 
BTby a cock, and poured upon fresb-Uii— ihi&iiipii 
6 l>e diawn ofT, and poured upoti other ri«&ht4Biill 
p lliia way the processis to be contimied tothefifthn* . 
The liquor is then highly- coloured, and mi* 
sis to eight degrees upon ihe l>ydrooMlwf» 
. This he calls tlie tanning lisivium. Ttn "^ 
Ion for ascertaining its stren^i, is tlie quantin 
lolulion of gelatine which a gi^'en quantJly *J 
fcrecipilalc. Isinglass is used for this purjN 
mtirely composed of gelatine. And here il,' 
bbserved, that ihis Is the mode of ascert^ingf 
Ry of lanning principle in any vegetable SMbsl 
'"'Misequenlly how far they may be used aa a s 

r oak bark. 

' The hides, after being prepared in the uiu^i^ 
Pe immersed for some hours in a weak tanning Gm 
1 of only one or two degrees ; to abtain ifbith. * 
ter portions of the infusions are set apatt, orik 
tome of that which has been partly exhausted )if <■ 
t tanning. The hides are then to be put into asto* 
IT hxivium, where, in a iew days, they will be broopl 
e degi-e of saturation with the Cquor buM 
me y are immersed. The strength of tlie Uqutirrf 
iy ihis means be considerably diminished, anri i 
perefore be renewed. When the hides are tij 
_ IS completely saturated, that is to soy, penK* 

tanned, they are lo be removed, and slowly " ' "' 
llie shade. 

The lengiii o^ i^vyaa tvtcRssary to tan IcailMt t* 
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} atid llicre ii no doubt but 
i,iv te laiich shortened by following the new in 
Ii has been found, however, tliai the Icsttiiti 
v.-J his not been so durable as that which li 
,LU-il by a slower pi'QCess. 
ihe pulilic is much io(!«btod to Mt. Davy, protessrtr 
liemistry in the Royid Inaiitmion, for iliG nilenllen 
.:-lihehaBpBidtothes\ibjeci. From liisrXcellehtjA' 

*' on the- constituent piirLs of asli ingeiit TCgClabli ' 
.iip. Pliiinsophicnl Trjnsactiona, we present the 
. '.uth thefollowingcsti'act.— 
" Tlie different quaRties of leather made *iith 
iiaaie kind of skin, seem to d&pend very mucb ui 
llie difiei'oiil quantities of extractive matter it ennUii 
The leather obtained by means of infusions of _ 
1 . cjenerally found harder, and more liable to crack,' 
.1 1 the leather obtained from the infusion of barks ; 
i [[] all cases it contains a much larger proportion of 
L.uLn, and a smaller proportion of eiclractive matter. 
" ^Vhen skill is very slowly tanned in weak solutions 
f,C the l>arUs, or of catechu, it combines witJi a consid- 
(■-r.ible projjoition of extractive matter ; and iii these 
casest tliough the Increase of weight of the skin i% 
tomporalively small, yet it is rendered pci-fecl!y inso- 
luble in water, and is found soft, and at the same lime 
strong. The saturated asttingent infusions of 
-tTitHin much Icbs extractive matter in proponion 
• tannin, than the weak infuwons ; and whc 
■ |ii)okly tanned in them, common evpcrience 
'..i it produces leather less durable than the I 
siuwly formed. 

" Besides, in tlie case of quick tanning Ly means 
infusions of barks, a ([uantiiy of vegetable estraciive 
niatter is lost to the manufacturer, which might have 
been made to enter into the composition of hi ^ leather. 
T)iese observations shew, that there is some foundation 
f'lr the vulgar opinion of workmen, concerning what 
i-, technically called ihejieeli'ig of leather in the slow 
method of tanning ; and though the processes of the 
arl may in some cases be pi'Otracted (or an unnecessary 
\ of time, yet, in general, thc^ a.'^'^tM \(> \s« 
', h consequence ol vcpcaVe.^ ^^Mjitii «s^ 
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!^--.s, s- 1 ie::-ee cf perfection whkh caaLa 
:li:- :xijr..:tfi: :y means of any cIucidatioDs oJ 

\- -v •-? i:--!: suspected bv Sir Jo«e?h BA3nts. 
-_?••% -.is :or.=.-nied ry ihe experiments erf P 
II- .-r. That A iirOsd-icc called f.r-^'.^ or v^ra , 
:rrucai :r:sci ±e EList Ir.r^es. coctsincd a vzs 
— A Timnin : *o rrj-h s*:-* tha: k fircxcdseve 
\l'.m \ Ti iuostGince In this respect. One TXiimc g: 
:jc-xns ia niuc>i rjL r . r . i . i as ei^h: or ten ::cui:c5 
ttt:i: :.:k >jj:-i, dr.d -tc'^Ic cocsecacnilTUi^ rrr 
-jciv i:, auich mere leather. I: » an extiric 
r-jnx -Jie weed ::' a species of rry-rrryAsx. -^ c 
iTiii iucsequen: Ti-^pcraiica. 

OaJL airi beirc a v-ry expensive article in 
C2SS oi :anr-x^. •aiki-'S sucscazce^ have been ? 
as sucsdtutes ?:l' i^ Ali the parts q£ ve^ribii 
a:^ zi an iscr!:'.'5;ecLt rjirure. ccncin -arrV 'jtz: 
be "ino^vn :t v.fir ci^-J? precipitiirjs wbh : 
■::=v;tu!:ie .n ^;i:ir • arc -^il answer tiii? r;:rri:<€ 
•• .1 • ■; 5* : nn c bes. : ": ::. £c -s- e :*s, c : a t";^^- ' z-.: 
7.;^. i . ^ -.7 rar: :£ -J.:e c.i.k. as the l-avfs -: 
ja-v ?av -,::*:. inc :^e jaris c£ alzics: ill 'Stt^ 



m--i'- ~T ."iss 



xit-:;^ -ir-: ^..77^: :■" '• mi :u..f iVir::^. ■v.i./r a:-; 
trr'Tlcytf-i.- n:-.x " r":7'~c>'^-:he"'5:j:i : :.ir-f-s ; 

5.V.11S -ire ' ■■; . ^."■. l.":"!: ".'.«; iim-fr** r^rv:. "ilie 

r< : v;:<~".<:~' : .-. jr:--:j>is :l:c:u en i in. x-..": 

5^:<>. inc :n-n. :"'^'i^ :'' ir?. izr^-'s.. T'r.eT ::~f ~ 
ci: a w-: /v •■.: i. iri :r::n:7lr'i 'v:ib :be rii'f. 

Cil, JLTC :.--.i'---:^'bs V:-::::.:. v-. v-/.iJl^^5e. ^_:;-;. : 
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(an.insti uxnent consisting of a thick piece of wood, the 
lower side of which is full of furrows, or teeth, cros- 
«ing each other), the currier folds, squares, and moves 
the skins in various directions, to render them supple. 
This operation is properly called currying ; and, with 
a few immaterial exceptions, is that now generally fol- 
lowed. 

After the skins are thus dressed, they are coloured, 
black) white, red, green, &c. which piHxess is per- 
Ibnned either on the^wA or grain side ; that on the 
fermer, by skinners, and that on the grain or hair side, 
by curriers : these, "when a skin is to be made white> 
rub it with chalk, or white-lead, and afterwards with 
pumice-stone. But, when^ black colour is wanted, 
the skin must be first oiled and dried, then passed over 
a puff, dipped in water impregnated with iron, when it 
i3 immersed in another water prepared with soot, vine- 
gar, and gum-arabic. Thus it gradually acquires a 
deep dye, and the operations are repeated till it becomes 
'-of a shining black. The grain and wrinkles, which 
contribute to the pliancy of calves and cows leather, are 
made by the reiterated folds given to the skin in every 
direction, and by the great care taken to scrape off ev- 
ery excrescence and hard place on the grain, or cplour- 
side. 
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